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THE  UNDERFLOW  LN  ARKANSAS  VALLEY  IN 
WESTERN  KANSAS. 


Bv  Charles  S.  Slichtek. 


I  N  T  K  O  D  U  C  T  ION. 

The  investigation  of  the  undcM-flow  of  Arkansas  River,  described  in 
this  paper,  was  made  during  the  siininier  of  19()4.  The  field  party  was 
under  the  genei'al  sujx^rvision  of  the  wriUM*.  Mr.  Henry  C.  Wolff  had 
charge  of  the  measurements  of  the  rate  of  movement  of  the  giound 
waters.  He  also  made  careful  determinations  of  the  fluctuation  of  the 
position  of  the  water  plane,  and  the  success  of  the  field  work  was 
largely  due  to  his  skill  and  hard  work.  Mi*.  Kay  Owen  had  charge  of 
level  and  plane-table  work,  and  made  a  contour  map  of  the  water  plane. 

A  few  of  the  principal  conclusions  may  be  sununarized  as  follows: 

1.  The  underflow  of  Arkansas  River  moves  at  an  average  rate  of  8 
feet  per  twenty-four  hours,  in  the  general  direction  of  the  valley. 

2.  The  water  plane  slopes  to  the  east  at  the  rate  of  7.5  feet  per  mile, 
and  toward  the  river  at  the  rate  of  2  to  8  feet  pei*  mile. 

3.  The  moving  ground  water  extends  several  miles  north  from  the 
river  valley.     No  north  or  south  limit  was  found. 

4.  The  rate  of  movement  is  very  uniform. 

5.  The  underflow  has  its  origin  in  the  rainfall  on  the  sand  hills  south 
of  the  river  and  on  the  bottom  lands  and  plains  north  of  the  river. 

0.  The  sand  hills  constitute  an  essential  part  of  the  catchment  area. 

7.  The  influence  of  the  floods  in  the  river  upon  the  ground- water 
It^vel  does  not  extend  one-half  mile  north  or  south  of  the  channel. 

8.  A  heavy  rain  contributes  more   water  to  the  underflow  than  a 


9.  On  the  sandy  bottom  lands  00  per  cent  of  an  ordinary  rain  reaches 
tte  water  plane  as  a  permanent  contribution. 

10.  The  amount  of  dissolved  solids  in  the  underflow  grows  less  w\U\ 
the  depth  and  with  the  distance  from  the  river  channel. 
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11.  There  is  no  appreciable  run-off  in  the  vicinity  of  Garden,  Kans. 
Practically  all  of  the  drainage  is  underground  through  the  thick 
deposits  of  gravels. 

12.  Carefully  constructed  wells  in  Arkansas  Valley  are  capable  of 
yielding  very  large  amounts  of  water.  Each  square  foot  of  percolat- 
ing surface  of  the  well  strainei*s  can  be  relied  upon  to  yield  more  than 
0.25  gallon  of  water  per  minute  under  1  foot  head. 

13.  There  is  no  indication  of  a  decrease  in  the  underflow  at  Gar- 
den in  the  last  five  years.  The  city  well  showed  the  same  specific 
capacity  in  1904  that  it  had  in  1899. 

14.  Private  pumping  plants  in  the  bottom  lands  will  be  profitable 
for  irrigation  if  proper  kind  of  power  be  used.  There  should  be  a 
large  field  of  usefulness  for  suction  gas-producer  power  plants  of  from 
20  to  100  horsepower,  with  Colorado  hard  coal  or  coke  as  fuel.  Kan- 
sas crude  oil  in  gas  generators  should  prove  profitable  for  use  in  the 
smaller  plants.  The  present  cost  of  pumping  with  gasoline  for  fuel  is 
not  encouraging. 


CII  APTKR  I. 

Ml^lASUREMEXTH  OF  THE   UNDERFLOW  OF  AUKAN8A8 

RIVER. 

GENERAL  STATEMENT. 

Investigations  of  the  underflow  of  Arkansas  River  were  begun  June 
11, 1904.  The  work  consisted  of  the  mapping  of  the  water  plane  or 
ground-water  level  within  a  distance  of  6  to  12  miles  from  the  river 
channel,  and  of  observations  by  the  electrical  method  of  the  rate  of 
movement  of  the  underflow.  The  ground-water  levels  were  obtained 
byobser\'ing  the  water  levels  in  private  wells  in  the  neighborhood  of 
the  river  and  in  a  few  wells  which  were  sunk  especially  for  this  purpose. 
The  slope  of  the  water  plane  was  found  to  })e  between  7  and  8  feet  to 
a  mile  in  a  general  easterly  direction,  and  from  2  to  3  feet  to  a  mile 
toward  the  river  channel  from  the  country  immediately  to  the  north 
and  .south.  The  southern  margin  of  the  river  valley  is  bordered  for  5 
to  1(»  niiles  to  the  south  by  sand  hills,  which  arc  only  partially  covered 
with  natural  vegetation.  These  sand  hills  extend  from  east  of  Dodge, 
Kans.,  to  beyond  the  Colorado  line.  The  river  valley  proper  varies  in 
width  from  1  to  5  miles.  Near  the  river  channel  there  is  a  strip  known 
as ''first  bottoms,"  which  is  only  a  few  feet  a})ove  the  river  level. 
The  princijml  cultivated  portion  of  the  valley  lies  from  8  to  8  feet 
hij^her  than  first  bottoms,  and  is  locally  known  as  ''second  bottoms.'' 
North  of  the  river  valley  the  ground  rises  rather  ai)ruptlv  to  the  high 
plains  with  their  well-known  level  topography  and  compact  sod  of 
native  grasses.  The  slope  of  the  water  plane  towaid  the  channel  of 
the  river  from  the  north  is,  as  has  been  stated,  about  2i  fe(;t  to  a  mile, 
hut  10  to  14  miles  to  the  north  of  the  valley  the  slope  of  the  water 
plane  changes  from  southerly  to  northerly,  and  the  land  at  the  same 
time  gently  dips  to  the  north  toward  the  valley  of  White  Woman 
Creek.  The  easterly  slope  of  7i  to  S  feet  to  the  mile  is  maintained, 
however,  quite  constantly  throughout  all  of  this  region.  Fig.  1  shows 
the  results  of  the  determination  of  the  watei-  plane. 

MEASUREMENTS  2  MILES  WEST  OF   GARDEN.  KANS.  (CAMP  i). 

The  measurements  showed  a  rate  of  movement  nuich  greater  than 
had  been  anticipated.  The  first  set  of  underflow  stations  were  estab- 
lished at  a  point  alx)ut  2  miles  west  of  (larden  (camp  1),  as  shown  on 
the  map  (fig.  1).     The  stations  were  in  a  north-soutli  Vine.,  >NV\\c\i  vi«^ 
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about  li  miles  in  length.     At  this  point  the  river  flows  in  an  east  by 
south  direction,  and  borders  closely  on  the  north  margin  of  the  sand 


^Z3    1 


CCZ  J. 


hills,  leaving  but  little  bottom  land  on  the  south  side  of  the  river.  The 
channel  of  the  river  where  the  observations  were  made  is  a})out  1,0(>0 
feet  wide.     On  the  north  side  is  a  strip  of  low  land,  or  first  })ottoms. 


MEASUREMENTS   OF   THE   UNDERFLOW. 


tx>ut  1,100  feet  wide,  which  is  only  a  few  inches  alxjve  the  geneml 
ottom  of  the  river  bed.  This  low  bottom  has  several  sloughs  Tun- 
ing through  it  approximately  parallel  to  the  river.  North  of  this 
)w  strip  of  bottom  the  land  abruptly  rises  several  feet  and  continues 


i«J.  2.— M>«i»  showinic  location  of  underHow  stntionM  uiul  test  wells  at  camp  1,  2  mih*H  west  of  (Janlin. 
Khiik.  The  velocity  nnd  dire<!tlon  of  tlow  i»  nhowii  hy  the  length  and  direetion  of  the  arn>WH  at  t  he 
variDUfl  stations.    Tlie  depth  \»  indicated  in  fignrcH  at  each  location. 

to  rise  gradually  for  several  miles  farther  north,  this  slope  constitutinji: 
the  cultivated  portion  of  the  valley — the  so-called  second  })ottonis. 

The  measurements  at  this  point  were  made  at  stations  that  lay,  in 
general,  in  a  straight  line  across  the  valley  (fig.  '2).  Most  of  the  meas- 
urements were  made  in  the  river  channel  itself,  or  on  the  low  ground 
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to  the  north.  One  ,test  was  made  on  the  south  side  of  the  river  at  the 
foot  of  the  sand  hills  and  another  1  mile  to  the  north.  The  velocities 
were  determined  at  depths  i-anging  from  11  to  H5  feet.  The  results  of 
the  measurements  at  this  location  are  given  in  Ta})le  1. 

Table  1. —  Vnderflmc  meiuuremetUs  at  ramp  /,  J  mto  urM  of  darden^  Kans. 


Date  of  test. 


1904. 

June  30 

June  22 

Do 

June  21 

June  24 

June2t» 

June  25 

JulyG 

July  4 

July9 

Septembtrr  G . 
September  8 . 


Average . 


1    N«».  of 
1  Htation. 

1 

Depth 
of  well. 

Velocity 

of  Kround 

water. 

Direction 

of  How.  east 

of  north. 

1 

Feef. 

Ff.  jMrday. 

o 

■               9 

10 

5.3 

90 

1 

14 

4.8 

101 

3 

:u 

10.3 

71 

2 

15 

9.G 

lOA 

5 

31 

8.0 

G5 

6 

•29 

8.0 

77 

4 

17 

9.0 

5.5 

8 

28 

9.6 

121 

10 

17 

8.2 

121 

12 

11 

4.0 

120 

6 

65 

1.75 

101 

40 

26 

1.3 

104 

6.6 

94 

Location  antl  remarks, 


1  mile  north  of  river. 
1,100  feet  imrth  of  river. 

Do. 
430  feet  north  of  river. 

Do. 

Do. 
In  channel,  250  feet  north  of  centet. 
In  chiinm'l.  150  feet  south  of  center. 

Do. 

250  feet  south  of  river. 

1,100  feet  north  of  river. 

N\V.  corner  S\V.  I  se*'.  2,  T.  23  S.,  R. 
33  \V..  8i  milcM  north  of  river. 


Mean  rlirection  of  river  channel,  100°  cast  of  north. 

Of  the  stations  for  which  data  are  given  in  this  bible.  No.  9  was 
located  on  the  second  bottoms  1  mile  north  of  the  river,  No.  40  was 
located  on  the  uplands  8^  miles  north  of  the  river,  and  No.  12  was  in 
the  sand  hills  south  of  the  river.  The  other  stations  were  either  in 
the  tirst  }3ottoms  or  in  the  channel.  Station  No.  6^  reached  so-called 
"second  water,"  or  the  water  beneath  a  layer  of  silt  which  seemed 
(juite  impervious  to  the  flow  of  water.  The  mean  of  all  of  the  observed 
velocities  was  ().G  feet  a  day.  The  average  direction  of  the  motion 
was  J>4^^  ea.stof  north,  which  may  be  compared  to  the  average  direction 
of  the  river  valley  at  this  i>oint,  which  we  have  estimated  to  ))e  approx- 
imately 100  east  of  north.  On  the  cross  section  through  the  river 
channel  and  the  first  bottoms  (fig.  8)  are  shown  the  depth  of  a  number 
of  the  test  wells  near  the  river  channel  and  the  velocity  of  the  under- 
flow. 

Exc(»pt  for  occasional  layers  of  silt,  the  gravels  were  veiy  uniform 
in  size  and  character  of  grain  ;  a  large  percentage  of  any  one  sample 
consisted  of  grains  larger  than  grains  of  wheat.  The  gravel  was  also 
found  to  be  very  imiform  in  lateral  extent,  but  show'cd  a  tendency  to 
become  coarser  with  the  depth  until  32  feet  was  reached.  At  about 
32  feet  fine  sand  and  silt  was  encountered,  which  seemed,  as  nearly  as 
could  ])e  determined  from  the  wells  sunk  in  a  comparatively  small 
radius,  to  l)e  horizontal  in  extent.  Fine  material  was  encountered  at 
a  higher  lev(»l  at  only  one  place,  which  was  near  the  center  of  the  river 
at  a  depth  of  about  IS  feet,  but  50  feet  upstream  it  was  entirel}'  absent. 
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A  well  was  put  down  at  station  No.  11  in  order  to  necure  a  sample  of 
this  fine  material.  It  was  found  at  the  same  level  an  at  stations  No.  6 
and  No.  8,  and  consisted  of  about  the  same  kind  of  material,  except 
that  it  contained  a  considerable  amount  of  gypsum  mixed  with  sand. 
This  tine  sand  must  }>e  more  or  less  imperWous,  for  no  water  could  l)e 
drawn  by  means  of  a  hand  pump  from  a  well  driven  in  the  sjind,  and 
a  hole  washed  out  8  feet  l>elow  the  casing  remained  for  a  considerable 
time  unfilled  with  sand. 
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Fig.  3.— Cram  t<ection  near  camp  1.  2  miles  west  of  Garden.  Kun*<.  The  total  .Milids  (IlK.sr)lved  in  the 
ground  water  at  various  deptliH  are  nhown,  in  parts  i)€r  1(X),(K)0.  by  the  numbers  inclosed  in  rectun- 
^Iw.  The  numbere  inclosed  in  circles  expresn  the  amount,  in  partH  jht  UH),00().  of  <hl(»rine  f<mnd 
it  the  position  at  which  the  cin'le«  are  placed. 

The  velocities  above  this  laj'cr  of  silt  arc  very  iiniforin,  ranging 
from  4.8  feet  a  day  to  10.3  feet  a  da}^  with  an  avonigc  for  ten  tests  of 
T.68  feet  a  day,  with  the  direction  varying  from  55  (»jist  of  north  to 
121    east  of  north. 

The  direction  of  motion  at  these  various  stations,  as  has  boon  stated, 
wan  in  gcnei-al  toward  the  east,  but  several  exceptions  were  not<»d  from 
time  to  time.  At  the  time  field  work  was  begun  the  channel  of  the 
Arkansas  River  was  dry,  as  is  very  usual  in  the  months  from  rlune  to 
October.  The  summer  of  1904,  however,  proved  to  ))e  an  exceptional 
one,  and  high  floods  were  of  constant  occurrence  throughout  the  sea- 
son. One  of  these  floods  came  down  the  river  soon  after  the  first 
underflow  stations  were  established  near  the  })ank  of  the  vwer.  'Y\v\^ 
offered  an  excellent  opportunity  of  determining  the  inftuence  ol  V\ve 
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river  waters  upon  the  underflow.     At  one  underflow  station,  situated 
near  the  north  bank  of  the  channel  of  the  river,  2  miles  west  of  Gar- 
den, the  direction  of  the  flow  of  the  ground  waters  was  very  greatly 
changed  by  the  flood  in  the  river.     It  was  therefore  possible  to  meas- 
ure the  i*ate  at  which  the  river  contributed  to  the  ground  waters  at 
this  point.     It  was  found  that  the  water  during  the  early  sla^s  of  th€^ 
flood  flowed  away  from  the  river  at  the  rate  of  6  to  8  feet  per  twenty- 
four  hours.     This  point  can  be  established  by  consulting  the  record  for 
stations  No.  2  and  No.  5,  as  given  in  Table   1.     These  stations  ai"e 
located  at  the  same  point.     The  velocity  at  station  No.  2  on  June  21, 
1904,  before  a  rain  on  the  night  of  June  21,  and  before  a  flood  which 
came  down  the  river  at  3  p.  m.  June  22,  was  9.6  feet  per  twenty-four 
hours  in  a  direction  103^  east  of  north,  which  is  substantially  the  direc- 
tion of  the  river  channel.     After  the  flood  the  velocity  at  the  same  place 
(at  a  greater  depth,  however)  was  found  to  be  8  feet  per  twenty-four 
hours,  in  a  direction  65^  east  of  north,  or  at  an  angle  of  35^  away  f  ron^ 
the  river  channel,  the  flood  having  therefore  changed   the  former 
direction  of  flow  by  about  38^.     On  June  20,  when  the  flood  had  still 
further  receded,  a  second  determination  of  velocity  showed  the  same 
nite  as  before,  but  the  direction  had  shifted  to  77  -  east  of  north,  or  at 
an  angle  of  about  23^  with  the  river  channel. 

It  was  not  only  possible  to  actually  determine  this  rate  of  loss  of 
water  from  the  river  by  the  use  of  the  electric  underflow  meter,  but 
the  northerly  progress  of  the  water  from  the  river  into  the  gravels 
could  be  noted  by  observation  of  the  changes  in  the  temperature  of  the 
ground  water  as  it  flowed  north.  The  river  water  was  much  warmer 
than  the  natural  ground  water,  and  the  increased  temperature  could 
be  followed  away  fiom  the  river  bank.  These  facts  are  shown  by  the 
temperatures  of  the  water  recorded  in  Table  11.  In  that  table  will  be 
found  the  following  entries: 

Temjyerature  of  water  of  river  and  tent  rrelh^  Jane  ^0,  1904. 

River 71 

Te>ft  well  N«>.  3,  860  feet  north  of  river 62. 5 

Test  well  No.  1,  1,100  feet  north  of  river 59 

The  water  taken  from  the  other  wells  had  a  somewhat  more  uniform 
temperature,  excepting  in  two  cases — that  taken  from  the  wells  at  sta- 
tion No.  10  and  station  No.  8.  At  sUition  No.  10,  at  a  depth  of  18 
feet,  the  temperature  was  51  ;  at  station  No.  8,  28  feet  Ijelow  the 
bottom  of  the  river,  the  temperature  was  48  ,  which  was  the  coldest 
water  found  at  any  point.  At  these  two  stations  the  direction  of  the 
underflow  was  the  most  southerly  of  any  found,  being  in  each  case 
121°  east  of  north. 

It  was  also  possible  to  partially  trace  inward  moving  ground  water 
originating  in  the  river  by  the  change  in  the  chemical  comj>osition  of 
the  water.     Apparatus  was  at  hand  for  deteiinining  the  alkalinity, 
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hardness,  chlorine,  and  the  total  solids  dissolved  in  the  water;  and  this 
apparatus  was  used  to  secure  the  results  just  stated.  A  further  veri- 
fication of  the  inwardly  moving  ground  water  was  found  in  the  changed 
slope  of  the  water  plane  during  the  flood  periods  in  the  river.  The 
water  plane  sloped  awa}'  from  the  river  about  8  feet  to  the  mile  during 
the  first  stages  of  high  water,  and  c()rresi)onded  (juite  accurately  with 
the  oWrved  velocities  of  the  water.  Fig.  3  shows  the  slope  of  the 
water  plane  on  June  23  and  July  3.  Several  gradients  corresponding 
toother  dates  are  given  in  Table  1. 

MEASUREMENTS  AT  SHERLOCK.  KANS.  (CAMP  a). 

iSeveral  undei-flow  measurements  were  taken  at  camp  2,  which  was 
situated  at  Sherlock,  Kans.,  7  miles  west  of  Garden.  The  results 
differed  little  from  those  found  at  the  tirst  set  of  stations  at  camp  1, 
except  that  more  sorting  of  the  gravels  had  taken  place  at  the  latter 
point,  giving  greater  variety  to  the  rate  of  movement.  The  location 
of  the  various  test  wells  and  underflow  stations  is  marked  in  fig.  4. 
The  same  stations  are  shown  in  cross  section  in  fig.  5.  The  details  of 
tii^^  results  are  printed  in  Table  2.  From  this  table  it  will  be  observed 
that  the  average  velocity  of  the  underflow  for  all  of  the  stations  was 
8.1^  feet  per  twenty-four  hours.  The  mean  direction  of  the  motion  was 
^3.0^  east  of  north,  which  may  be  compared  with  the  mean  direction  of 
the  river  valle^^  at  this  point,  which  was  computed  to  be  105^  east  of 
north.  There  was  some  water  in  the  river  throughout  all  of  the  time 
during  which  the  te.sts  were  made,  and  on  July  27  a  heavy  flood  swept 
down  the  river. 

Table  2.  —  Underflow  meftsnrementa  at  ramp  J y  S}u'rhn'k^  Kaun. 


X..  of  r>«Pll>  '  Velocity  I  Direction 

IMte  of  tt*!*!.  VlU'iLL    I  "f  ofjfr<>""'i  of  tlow.t'HNt                 I^x-ution  iiii<i  rciimrks. 

I  stMUon.  ^,^.j,^  ^.^^^.^  I    ofiU)rth. 

1«M.                  I  J''f*f'  Ft.iterdntj. 

Jtilylfi i  13  18  5.7  C.I.O  ,  7()0ft't't  north  of  rivor. 

July» i  21  1  2M  '  2-i.9  fr4.0             !)«.. 

JulySl ■  1J2  I  1»  2.8  I            101.0  '  1.701)  feet  norili  of  river. 

Julyli ^  It'  22  9.1  7o.O  In  elmniiel,  .'^H>  feet  north  iif  renter. 

JulyXl '  18  I  211  IG.O  '            101.0  In  elmnnel,  JO  feet  north  of  eenter. 

July22 1  1"  I  '^  3.0  j            10:{.0  In  elmnnel.  210  feet  s<MUh  of  eenter. 

July  18 15  I  22;  UJ.7  132.0             Do. 

July » 20  .  26  ;  2. 2  I            1'22. 0  -JOO  fe«'t  south  of  river. 

Ju)y22 IH  I  18  I  2.0  79.0  2,100  feet  .south  of  river. 


Avera^re . 


8.9  I  93.5 


Mean  dirci^tion  of  river  channel,  105°  eiwt  of  north. 


By  studying  the  results  of  the  measuiements  it  will  he  observed 
that  station  No.  22  was  on  the  border  of  the  second  bottoms,  1,700 
feet  north  of  the  north  bank  of  the  river.  The  velocity  at  th\^  ^t»X\otv 
was  2.8  feet   per  day,  and  the  direction  of  flow  was  »v\Wta.ivW«X\'S 
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the  same  as  the  direction  of  the  river  valley.     This  result  is  imp 
tant,  as  the  measurement  was  made  on  July  81,  at  a  time  when  1 


Fig.  4.— Map  showing  ItK'ation  of  underflow  stations  and  test  wells  at  SherhK'fc:.  Kans..  7  miles  we 
Garden.  The  velocity  an<l  direetion  of  flow  of  the  ground  water  are  shown  by  the  length  and  d 
tion  of  the  arrows  at  the  various  stations.    The  depth  is  indicated  in  figures  at  each  station. 

flood  of  July  27  sliould  have  shown  some  influence  upon  the  direct 
of  flow,  if  it  hud  any  at  all.  The  direction  of  motion  at  this  stat 
was  in  marked  contrast  to  the  direction  of  flow  observed  at  static 
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o.  13  and  No.  21,  located  in  the  first  bottoms,  700  feet  north  of  the 
ver.  At  both  of  the  latter  stations  the  direction  of  flow  was  64^ 
ist  of  north,  or  in  a  direction  making  an  angle  of  41^  northeast  of 
le  general  direction  of  the  river  valley.  These  stations  were  within 
le  immediate  influence  of  the  fluctuations  of  the  height  of  the  water 
I  the  river.^ 

Of  the  stations  established  in  the  channel  of  the  river  itself,  it  is 
iteresting  to  note  that  a  station  located  north  of  the  center  of  the 


^ffitfttflS 


©  CjhiQttne ,p»riy per  t90,0OO 

Tht  ¥»n^mn  oft^faf  saft^Sf$  j^tm  t^  /ftetmttatfr  JkmS 


Horizontal  ^caJe 

4000 


Verlioal  scale 


i.  5. — CroKS  section  at  camp  2,  near  Sherlock,  Kans.  The  touil  solid-s  dissolved  in  the  Kn)und  wattr 
it  various  depths  are  shown  in  parts  }>er  100,000  by  the  numl>ers  inclosed  in  rectangles.  Tlie 
lumbers  inclosed  in  circles  express  the  amount,  in  parts  per  100,000,  of  chlorine  found  ut  the 
position  where  the  circles  are  placed.  The  contour  lines  .>1h>w  the  position  of  water  of  the  same 
strength.    The  contribution  of  soft  water  from  the  sand  hills  is  very  apparent. 

hannel  (station  18)  showed  a  component  of  velocity  northerly  to  the 
general  trend  of  the  valley,  while  a  station  south  of  the  channel  (sta- 
tion 15)  showed  a  component  of  velocity  southerly  to  the  direction  of 
the  valle^'.  At  station  No.  17,  in  the  channel  at  the  same  point  as  sta- 
^on  No.  15,  but  at  a  greater  depth,  the  diiection  of  the  flow  cone 
**ponded  closely  with  the  direction  of  the  valley,  indicating  that  the 
influence  of  flowing  water  In  the  river  did  not  extend  so  deep.  Station 
No.  20  was  located  on  the  first  bottoms,  200  feet  south  of  the  south 
^k  of  the  river.  The  motion  at  this  point  showed  a  southerly  com 
Ponent,  the  direction  of  flow  making  an  angle  of  17  with  the  direction 
of  the  valley.     The  mea.surement  was  taken  while  the  river  was  in 


•This  fact  will  befnrther  illustrated  at  a  later  place  in  tliis  rei>ort. 
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flood.  Station  No.  16  was  located  in  the  border  of  the  sand  hill 
nearly  a  half  mile  south  of  the  river.  The  direction  of  flow  was  towai 
the  river  and  away  from  the  sand  hills,  as  should  be  expected  < 
account  of  the  excellent  collecting  area  oflfered  by  the  sand  hills  to  tl 
rainfall. 

The  fa(^t  that  the  influence  of  the  river  only  extends  to  very  shallo 
depths  and  that  a  considerable  portion  of  the  ground/ water  ori^ 
nates  in  the  sand  hills  is  shown  by  the  cross  section  (fig.  5).  The  co 
tour  lines  in  this  figure  correspond  to  equal  amounts  of  total  soli 
dissolved  in  the  ground  water.  The  soft  water  from  the  sand  hills  a 
\)e  observed  to  be  crowding  the  strong  water  of  the  underflow  to  tl 
north  of  the  valley. 

MEASUREMENTS  AT  DEERFIELD,  KANS.  (CAMP  3). 

Camp  8  was  established  near  the  Deerfield  bridge,  14  miles  west  • 
Garden.  The  valley  at  this  point  lies  mostly  south  of  the  chaniu 
All  of  the  south-side  lands,  to  the  edge  of  the  sand  hills,  would  prot 
bly  be  classed  as  '^  first  bottoms."  The  surface  of  the  ground  on  the 
lands  is  only  a  few  feet  above  the  river  bed  and  the  soil  is  unusual 
sandy.  The  topography  of  the  sand  hills  south  of  the  bottom  lands 
unusually  well  adapted  for  collecting  the  rainfall,  there  being  seveJ 
level  stretches  inclosed  or  hemmed  in  by  the  hills.  A  short  distan 
south  of  station  No.  23  there  are  found  the  I'emains  of  a  former  riv 
bank,  indicating  that  an  ancient  channel  extended  as  far  south  as  si 
tion  No.  23  (see  fig.  0). 

On  the  north  side  of  the  channel  the  river  sweeps  a  high  })ank  frc 
6  to  10  feet  above  the  river  bed  for  a  distani^e  of  about  3  miles.  T 
uplands  begin  not  more  than  1  mile  north  of  the  river. 

Since  the  channel  here  [)orders  the  extreme  north  margin  of  tl 
valley  the  underflow  measurements  were  made  south  of  the  river 
in  the  channel.     The  results  are  printed  in  Table  3. 

Tablk  3. —  rmUrflow  measureninUs  at  camp  .?,  Deerfiddy  Knnn. 


Dair  f)f  lest. 


No.  of 
station. 


Depth   Veloeityofi  Direction  | 
I      of  ground    'of  floweR.»«t 

I  well.H.  I      water,     i   of  north. 


IWM. 

AiiKU.'itr> 

Do 

August  ft 

August  H 

August  9 

August  \2 

Sepiemher  2:2 . 
August  17 


Average, 


I/<K-Hii()ii  Hiid  nriTiarks. 


Ffft. 
16  i 
21  ' 

24  I 

I 
36 

24 

21 

17 

31 


Ft.  per  'hit/. 

6.3 
12.  r. 
19.2 

9.2 


14.8  I 
1.25  I 
1.6  I 
2.2     I 

K4 


66.0     In  channel  at  center. 

67. 0     In  channel  400  feet  soutli  of  ccntei 
111.0     500  leet  south  of  river. 
111.0  Do. 

129.0  '  l.OiV)  feet  south  of  river 

74.0  !  I.SOO  feet  stnjih  of  river. 

56.0  ,  l.s  miles  south  of  river. 

63.0  i  l.WX)  fe«'t  south  of  nver. 
1 


84.6 


Mean  direction  of  river  channel,  70°  east  of  north. 
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The  average  velocity  of  the  ground  water,  8.4  feet  per  twenty-four 
hours,  comparen  accurately  with  the  average  velocities  found  for 
stations  similarly  located  at  previous  camps.  The  mean  direction  does 
not  correspond   as  accurately  with  the  general   trend  of  the  river 


';^,r^^^m- 


^■^•^■?!^^W 


Fio.  6. — Map  showing  the  location  of  underflow  stationB  nt  camp  3,  near  Decrficld,  Kan^.  The 
velocity  and  direction  of  flow  of  the  ground  water  iHHhown  by  the  length  and  direction  of  the 
arrowf).    The  depth  is  indicated  in  flgures  at  each  station. 

channel  as  at  other  stations,  probably  in  part  owing  to  the  fact  that 
the  river  has  at  this  point  a  very  northerly  course. 

It  will  be  observed  that  the  direction  of  flow  at  stations  Nos.  23,  2B, 
and  27,  which  are,  respectively,  50<>,  500,  and  1,050  feet  south  of  the 
river,  had  a  strong  southerly  component,  the  resultant  direction  of 
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This  result  was  somewhat  surprising,  so  that  a  second  line  of  levels 
was  run  to  the  river  along  the  east  line  of  section  13  until  this  line 
intersected  the  river.  This  line  of  levels  intersected  the  river  at  a 
point  three-fourths  of  a  mile  below  the  former  point.  The  river  at 
this  point  was  found  to  be  3  feet  higher  than  the  surface  of  Clear 
Lake.  Since  the  river  slopes  about  7i^  feet  to  the  mile,  this  checks 
the  former  measurement  that  the  river  opposite  the  pond  is  8  feet 
higher  than  the  water  in  the  latter. 

The  above  observations  seem  to  indicate  that  the  small  pond  knowo 
as  Clear  Lake  is  one  of  the  many  circular  depressions  which  are  founi 
throughout  the  western  plains,  and  which  have  been  fully  describee 
by  Mr.  Willard  D.  Johnson.'* 

This  small  pond  is  of  especial  interest  because  it  is  in  line  with  th< 
dry  channel  of  a  plains  stream  called  Bear  Creek.  This  stream  rises  ii 
Colorado,  and  near  the  western  border  of  Kansas  has  a  well-marke( 
valle\',  eroded  to  a  depth  of  nearly  100  feet,  but  as  it  approach® 
Arkansas  River,  near  the  north  edge  of  Grant  County,  it  loses  this 
and  its  waters  spread  out  on  the  plains  and  sink.  The  ordinary  flo^ 
of  this  stream  is  very  small,  but  during  times  of  heavy  rain  in  easterr 
Colorado  and  western  Kansas  it  may  carry  a  large  quantity  of  water, 
which  it  pours  out  upon  the  high  plains  of  northern  Gi'ant  County  and 
into  the  sand  hills  along  the  south  side  of  Arkansas  River.  On  some 
occasions  the  freshets  in  this  stream  have  been  so  severe  that  tb< 
waters  have  nearly  reached  the  Arkansas.  There  is  a  slight  elongatec 
depression  extending  through  the  sand  hills  in  line  with  Clear  Lake 
which  makes  it  poasible  to  believe  that  the  waters  of  Bear  Creek  haV 
on  some  occasions  in  the  past  extended  to  the  Arkansas,  but  so  far  a 
known  there  is  no  settler  who  can  testify  to  having  actually  observe 
sUch  an  event. 

It  can  easily  be  believed,  from  the  rather  remarkable  character  o 
Bear  Creek,  that  settlers  would  naturally  associate  Clear  Lake  with  th 
disappearing  waters  of  Bear  Creek,  so  that  the  story  would  becom 
current  that  Clear  Lake  was  merely  an  evidence  or  indication  of  th 
existence  of  an  underground  stream  extending  from  the  sand  hills  t 
Arkansas  Valley  iti^elf .  On  this  account  belief  in  the  adaptability  o 
the  lake  for  a  supply  of  a  large  quantity  of  water  for  irrigation  ha 
been  prevalent,  so  that  an  investigation  of  the  conditions  surroundinj 
the  lake  has  importance.  There  are  several  streams  of  the  same  typ 
as  Bear  Creek  in  western  Kanstis. 

Underflow  stations  Nos.  33, 35,  and  36  were  established,  as  shown  oi 
the  map  (lig.  7),  for  the  purpose  of  determining  the  direction  and  mag 
nitude  of  the  velocity  of  the  underground  water.  It  was  hoped  t 
determine  in  this  way  whether  or  not  there  was  any  seepage  at  thi 
point  from  the  direction  of  Bear  Creek  toward  Arkansas  Valley.     Th 

a  The  High  Plains  and  their  utilization:  Twenty-first  Ann.  Kept.  U.  S.  Geol.  Survey,  pt.  4, 1900,  pi 
609.  693-715. 
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pipe  75  feet  of  wash  pipe  was  used,  so  that  samples  were  washed  up 
from  a  depth  of  about  12  feet  below  the  bottom  of  the  2-inch  well. 
The  material  washed  out  consisted  of  black  mud  and  clay,  with  some 
quicksand. 


Fio.  7.— Map  showing  location  of  underflow  stations  and  test  wells  near  Clear  Lake,  Kansas. 

A  line  of  levels  was  run  from  Clear  Lake  to  Arkansas  River  as 
nearly  as  practicable  at  right  angles  to  the  direction  of  the  river 
channel.  The  result  of  this  leveling  showed  that  the  river  was  at 
least  8  feet  higher  than  the  lake.^ 

«  Field  aotw  ihow  that  the  riyer  was  qaite  high  at  the  time  of  the  observation  on  Auguat  7S^,  WA. 
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MEASUREMENTS    OF    THE    UNDERFLOW   AT  THE    NARROWS    01 
ARKANSAS  RIVER,  NEAR  HARTLAND,  KANS.  (CAMP  5). 

Two  miles  west  of  Hartland,  Kans.,  Arkansas  River  flows  between 
rock  bluffs,  the  distance  between  which  at  the  narrowest  poi*tioD  i^ 


2,250  feet.     The  river  channel  occupies  900  feet  of  this  distance,  onlj 
a  portion  of  which  was  utilized  by  flowing  water  on  August  24,  1904. 


MEASUREMENTS   OF   THE   UNDERFLOW. 


wells  A,  B,  and  C  were  driven  to  shallow  depths  for  th 
f  determining  the  slope  of  the  water  plane  through  the  Nar 
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hese  te«t  wells,  the  elevation  of  the  water  was  taken 
ell  and  in  the  wc^lls  of  station  No.  38,  and  in  test  wells 
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driven  for  the  purpose  of  testing  for  rock.  These  wells  form  a  line 
about  a  mile  lonji^,  as  indicated  on  the  map  (tig.  8).  The  gnidient  of 
the  water  plane  in  the  first  {X)rtion  of  this  line  was  7.5  feet  per  mie; 
in  the  next  portion  it  was  6.4  feet  per  mile,  and  in  the  next  9.2  feet 
per  mile.  Just  above  the  Narrows  the  gradient  was  found  to  be  11.4 
feet  per  mile,  and  in  the  last  j)ortion,  in  the  Narrows  itself,  the  slope 
of  the  water  plane  was  8.5  feet  per  mile.  A  profile  showing  these 
gradients  is  given  at  the  l)ottom  of  tig.  9. 

Test  wells  Nos.  1  and  2  (shown  in  tig.  S)  were  driven  for  the  pur- 
pose of  testing  for  bed  rock.  What  is  believed  to  be  rock  was 
struck  at  tost  well  No.  1,  at  elevation  3,011.7,  or  37  feet  below  the 
water  plane,  and  at  test  well  No.  2  rock  was  reached  at  elevation 
3,009.8,  or  39.3  feet  below  the  water  plane.  Rock  w^as  also  struck  at 
station  No.  38  at  38.75  feet  below  the  water  plane.  As  a  diamond 
drill  was  not  at  hand,  the  evidence  that  bed  rock  was  reached  is,  of 
course,  not  conclusive.  The  onl}^  test  that  could  l>e  applied  was  the 
evidence  supplied  by  the  drill  on  the  wash  pipe  and  by  the  way  in 
which  the  2-inch  casing  acted  when  an  attempt  was  made  to  drive  it 

Two  measurements  were  made  of  the  mte  of  movement  of  the 
undeiHow^  near  the  center  of  the  Narrows  at  stations  Nos.  37  and  38. 
The  velocities  determined  were  9.6  feet  per  twenty -four  hours  at  a 
depth  of  10  feet  and  3.4  feet  per  twenty-four  hours  at  a  depth  of 

25  feet. 

Table  5. —  Underflow  measuremmh  at  camp  5,  Narrows  of  Arkatisas  Riverj  near  Hart- 

hwdj  KauH. 


Date  of  test. 


No.  of 
station. 


Depth    Velocity  of    Dinrtion  I 

of      I    ground     of  (low.  east  I^Kratioii  and  remarks. 

wells.  !      water.         of  north,  i 


1904.  j  ,    Feet.    \j't.]H:r(!a!/.     '      ^  \ 

August  23 37  I         IG  9.(i  i  77     Center  of  channel. 

Augu.n26 38  25  3.4!  77  |  Do. 


From  the  cross  section  of  the  Narrows  (shown  in  fig.  9)  an  estimate 
can  be  made  of  the  amount  of  w^ater  which  flows  through  the  Narrows. 
The  total  cross  section  of  the  sands,  assuming  the  above  test  borings 
as  indicating  the  true  position  of  bed  rock,  is  75,000  square  feet. 
Assuming  one-third  as  the  porosity  of  the  sands  and  10  feet  per  day 
as  the  average  velocity  of  the  ground  water,  the  total  flow  through  the 
Narrows  would  be  250,000  cubic  feet  per  day,  or  2.9  cubic  feet  per 
second.  The  actual  average  velocity  of  the  undei-flow  is  undoubtedly 
much  less  than  10  feet  per  day,  so  that  the  above  result  represents  the 
maximum  that  can  be  claimed  in  a  high  estimate. 
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FliUCTUATIONS  OP  GROU]ST>- WATER  lAfTSTRJa. 

INFLUENCE  OF  RAINFALL  AND  OF  HEIGHT  OF  WATER  IN 
ARKANSAS  RIVER  ON  THE  GROUND-WATER  LEVEL. 

uring  the  field  work  of  the  summer  several  opportunities  were 
id  to  observe  the  influence  of  a  change  of  level  of  the  water  in  the 
r  upon  the  water  plane  in  the  adjacent  bottom  lands.  The  summer 
904r  was  especially  favorable  for  observations  of  this  kind,  as  the 
on  was  an  exceptional  one,  both  in  respect  to  the  rainfall  and  as  to 
quantity  of  water  flowing  in  the  river.  There  was  water  in  Arkansas 
jr,  in  western  Kansas,  during  nearly  all  of  the  time  from  the  mid- 
3f  June  to  the  middle  of  September,  and  on  several  occasions  floods 
larked  suddenness  and  great  severity  passed  down  the  river.  The 
fall  during  the  same  period  was  above  the  average.  The  record 
iinfall  from  May  1  to  October  1,  as  observed  by  the  volunteer  ijta- 
of  the  United  States  Weather  Bureau  at  Garden,  Kans.,  is  given 
able  6. 

Table  6. — Daily  predpitatioyi,  Garden^  Kans.y  May  1  to  September  SO,  1904. 


Date. 


May. 


0.58 

Trace. 

1.82 

.75 

.0 

.0 

.0 

.'20 

.0 

.0 

.0 
Trace. 

.0 

.0 
Truce. 

.0 

.0 

.0 

.0    ! 

■0    , 

.03; 

.85 

.0    I 

•ol 

•»  1 

.0    I 


June 

July. 

Augrust. 

September. 

0.0 

0.0 

0.03 

0.0 

.25 

.0 

.0 

.24 

.04 

.0 

.0 

.0 

.0 

.95 

.28 

.0 

.0 

Trace. 

.0 

.0 

.0 

.12 

.45 

.0 

.0 

.55 

.0 

.0 

.0 

1.10 

.0 

.0 

.72 

.0 

Trace. 

.0 

.0 

.or> 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

1.32 

.0 

.0 

.30 

.08 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

Trace. 

.0 

.0 

.0 

.19 

.0 

.0 

.0 

.0 

.0 

.04 

.0 

.0 

.0 

.32 

.0 

.0 

Trace. 

.0 

.0 

Trace. 

Trace. 

.0 

.0 

.94 

a  1.42 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.06 

.11 

.0 

.0 

.0 

.0 

.0 

uMuch  less  at  Sherlock,  KauH. 
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1 
0.03  1 

0.0 

0.0 

0.0 

C.lo 

.04' 

.'20  ' 

.0    1 

.0 

l.« 

.0    1 

.0 

'^    1 

.0 

l.M 

.0    1 

.0    1 

.0    1 

.09 

•  W 

.0    '. 

Tnw.  1 

Trace. 

4.30 

2.61  ■ 

h.G6  1 

1.32 

3.» 
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Tablk  fJ. — Ihiihj  preripitnthm^  GunieUy  Kans.^  May  1  to  September  30, 1904 — Continued. 

iMitr.  I     May.         June.         July.     |  Aufriut.    September. 

I 

^:::;:::::::::::;:::::;:::::;:::::::;::;:;::::;d 

I 

:w ■ 

1 
w I 

:n , 

Ti.tal 

Tutal  for  live  iiioiitlis.  IT.aO. 

()l)S(»ivuti<)ns  of  the  water  plane  were  made  very  systematically 
ilurin^  th(»  various  sUi^es  of  the,  watt*r  in  the  river  by  Mr.  Wolff, 
who  was  in  chart^e  of  the  party  making  the  field  observations.  The 
results  of  thes(»  observations  are  given  in  the  iu*companying  diagrams, 
which  Mr.  Woltf  has  constructed  from  the  field  notes.  The  first 
underflow  (h^iMininations  wen*  made  at  the  camp  located  about  2  miles 
west  of  (lardcn.  Kans.,  on  the  ranch  of  Mrs.  M.  Richter,  which  is 
referred  to  in  the  text  as  camp  1.  At  this  camp  a  number  of  Hhallow 
t(»st  wells  wcn^  put  in  place  for  the  special  purpose  of  observing  the 
position  of  the  water  plane.  Thest^  test  wells  are  shown  on  the  map 
(tig.  2),  from  which  it  will  be  observed  that  test  wells  Nos.  1  and 3 
wen^  locatcnl  north  of  the  river  })ank  at  a  distance  of  about  1,070  feet: 
test  well  No.  8  was  closer  to  the  river,  at  a  distance  of  atK)ut  360  feet 
from  the  north  bank.  A  large*  well  located  on  the  ranch  of  Mrs. 
Kichtci",  and  used  for  irrigation,  was  also  used  for  the  purpose  of 
ke(^l)ing  track  of  the  fluctuations  of  the  water  plane.  The  location  of 
this  well  is  shown  on  the  map  (rig.  2)  near  the  quarter-section  comer 
in  the  upper  right-hand  corner  of  the  map.  As  will  be  observed,  this 
well  is  situated  a  considenible  distance  upstream  from  test  wells  Nos. 
1,  'J,  and  8;  hence  the  water  in  it  stood  nuich  higher  than  that  in  the 
test  wells,  since  the  water  plane  slopes  eustward  at  the  rate  of  about 
74  feet  per  mile.  The  land  in  which  test  wells  Nos.  1,  2,  and  3  are 
situated  is  what  is  commonly  called  in  that  locality  '^tirat  bottoms." 
lnnnediat<»ly  north  of  test  wells  Nos.  1  and  2  the  'Second  bottoms" 
begin,  the  land  here  being  some  3  to  5  feet  higher  than  in  the  *' first 
lM)ttoms.''  Two  sloughs  shown  on  the  map  were  grass  covered,  but 
contained  more  or  less  water  either  during  high  stages  of  the  river 
or  after  heavy  mins.  In  fig.  10  the  elevations  of  water  in  Arkan.<vi8 
River  from  June  10  to  July  11,  1904,  and  the  elevations  in  test  wells 
Nos.  I,  2,  and  3  and  in  Mrs.  Richter's  well  are  represented  graphic- 
ally. The  elevations  are  expressed  in  feet  above  mean  sea  level,  as 
determined  from  the  United  States  (leological  Survey  permanent 
bench  marks  in  the  valley.  The  detailed  observations  at  these  stations 
are  printed  in  Ti\h\^  7,  in  which  the  elevations  are  given  in  feet  above 
mean  sea  le^•ol.  The  observation  of  the  height  of  the  river  was  made 
from  a  gag^  j.^j  ^e^  "P  i"  th«  ^\rrf>x  and  observed  from  the  bank  with 


FLUCTUATIONS  OF   GROUND-WATER   LEVEL. 


27 


a  level.  Observations  were  made  morning  and  evening  during  the 
period  covered  by  the  table.  There  were  occasional  omissions  of 
observation  of  river  height,  due  to  the  absence  of  the  level  from 
camp. 

Tablk  7. — Elemtion  of  ground  imter  in  the  Arkansas  Rirer  and  in  test  vieUs  near  camp 

Ij  S  miles  west  of  Garden^  Kans. 

[WelU  N<M.  1  and  '1  arc  1,070  feet  north  of  river:  well  No.  3  is  360  feet  north  of  river.    Datum  Ih  2,HU0 
feet  above  mean  nea  level.] 


Date. 

Time. 

Eleva- 
tion of 
water  in 
wellNo.l. 

Fret. 
33.97 
33.86 
33.90 
83.  H7 

Hydrau- 
lic gradi- 
ent per 
mileirom 
well  No.  2 
to  well 
No.  1. 

Fnet. 

Eleva- 
tion of 
water  in 
well 
No.  2. 

Ffti. 

Hydrau- 
lic Rradi- 
ent  per 
mileirom 
well  No. 
1  to  well 
No.  3. 

Feet. 

Elevation 

of  water 

in  well 

No.  8. 

Feet. 

Eleva- 
tion of 
water  in 
river. 

FrcL 
86.7 

Barometric 
pressure  in 
Inches  of 
mercury. 

1901. 
June  16 

l-2m 

Cp.  m 

Ca.  m 

12  m        

fnrhra. 
28.60 

lyo 

1 

26.  M 

June  17 

26  62 

Dr» 

,                  1 

26  65 

Di» 

6  p.  ni 

i         1 

June  IS.... . 

Oa.  m 

fi  p.  m 

6  p.  m 

6  a,  ni 

ftp.  m 

3:).9K 
33.76 
33.75 
3:j.«9 

1 

26. 63 

D<» 

June  19 

fi.4 
4.7 
H.  1 

33.53 
8:i.58 
3:{.60 

6.3 
5.9 
5.3 

34.61 
34.55 
34.61 
34.41 
84.47 
34.33 
34.38 
35.02 

36.2 

26.60 
26. 45 

June  20 

36.1 
36.0 
36.0 

Do 

June  21 

6n.  m 

12  m 

fi  f.  m 

fia.  m 

12  m 

33.  K2 
33.59 
33.77 
34.45 

4.8 
.5.5 
4.5 
4.2 

26  47 

Do 

6.4 
7.2 
8.9 

:e.36 
3:^.51 

34.13 

D«> 

1 

Jiiiip22 

Do 

, 

Do 

6  p.  m 

6  a.  m 

6p.  m 

6a.  m 

6  p.  m 

6  a.  m 

6  a.  m 

83.94 
34.05 
33.87 
34.00 
38.77 
33.93 
33.93 
33.77 
33.93 

8.8 
7.6 
8.0 
7.1 
6.8 
.5.1 
3.6 

&5. 12 
35.07 
34.95 
34.95 
.34. 69 
34.61 
34. 42 

37.7 
36.9 
36.9 
36.5 
36.3 
36.2 
35.9 

June  23 

Do 

6.7 

33.  Kl 

26.27 

June  24 

6.9 
6.7 

8.1 

33.75 
33.5:t 
33.64 

Do 

June  25 

June  26 

Do 

12m 

fia.m 

6  p.  m 

6.1 
7.7 

3:1. 55 
'M.  67 

June* 27  . ... 

3.9 

34. 45 

:15.9 
35.9 
3.5.9 
35.8 
35.8 
36.7 
3.5.7 
35.7 
35.7 
35.7 
.^5. 6 
35.6 
35.6 
:15.6 
35.6 
35.6 
a5.7 
35.7 
35. 6 
35.8 

Do 

June  28 

Gp.m 

i 

June  29 

6  a.  m 

Do 

G  p.  m 

July  1 

Do 

6  a.  m 

1 

t>  p.  m 

1 

July2 

I>o 

6  a.  m 

1                   1 

6  p.  m 

1 , 

1 

Julys 

Do 

6  a.  m 

1                   1 

6  p.  m 

38.19 

6.7 

32.95 

7.2 

34.16 

July4 

July  6 

Julye 

July? 

Do 

6a.m 

6  a.m 

6  a.  m 

6  a.  m 

88.99 

7.2 

33.73 

2.?2 

ai.35 

ep.m 

Julys 

Jnly9 

^        JnlylO 

\       July  11 

6  a.  m 

84.53 
38.88 

7.2 
8.1 

34.27 
33.59 

3.M 
1.71 

:v>.02 

34.11 

6  a.in 

6  a.  m 

6a.  m 

88.68 

8.1 

33.39 

3. 15 

34.10 

i.\    -  -■ 

i 
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From  i\w  morning  of  Jiino  *2l  until  noon  of  June  22,  which  are  left 
])lank  in  tlu^  tul)l(»,  there  was  no  material  change  in  the  heig-ht  of  the 
river.  The  water  in  the  river  slowly  sank  during  the  period  covered 
frcmi  noon  of  June  U)  to  noon  of  June  22.  The  recordshown  in  fig.  lU 
begins  on  June  1(>.  The  lev^els  in  the  various  wells  remained  substan- 
tially stationary  from  that  date  until  June  22.  During  the  night  of 
June  21  a  heavy  niin  fell,  which  is  given  on  the  official  record  at 
(larden  as  0.94  of  an  inch.  The  test  wells  on  the  morning  of  June  22 
showiwl  marked  changes  in  the  elevati(m  of  the  ground  water,  due  to 
the  rain  of  the  previous  night.  Well  No.  1  rose  0.68  of  a  foot;  well 
No.  2  rose  ().()2  of  a  foot;  well  No.  3  rose  0.64  of  a  foot,  while  the 
Richter  well  rose  0.05  of  a  foot  ])efore  noon  of  June  22,  and  by  the 
morning  of  June  24  had  risen  0. 10  of  a  foot.  The  river  remained  sta- 
tionary until  i^  J),  m.  of  June  22,  when  a  flood  consisting  of  an  abrupt 
wave  swi^pt  down  tlie  river,  causing  a  rise  of  1.7  feet.  Notwith- 
standing this  rise  in  the  river,  the  water  in  test  wells  Nos.  1  and  2, 
I,o70  f(»et  from  tlu'  river,  fell  during  the  interval  between  the  morn- 
ing and  evening  of  June  22,  while  test  well  No.  3,  which  was  situated 
within  300  feet  of  the  river  bank,  was  onh'  0.1  higher  at  6  p.  m.  of 
flune  22  than  it  was  at  ♦>  a.  m.  on  the  sam<»  day.  These  results  show 
that  the  heavy  rain  of  the  night  of  »[une  21  raised  the  water  in  all  of 
th(^  test  wells,  but  that  the  flood  of  the  afternoon  of  June  22  niised 
the  water  only  in  the  well  nearest  the  river.  The  river  gradually 
receded  from  the  high-water  mark  reached  on  the  afternoon  of  June 
22,  and  all  of  the  test  wells  giadually  f(»ll.  There  was  no  rain  until 
July  4,  except  a  slight  shower  on  June  2S.  Test  wells  Nos.  1,  2,  and 
3  showed  a  tendency  to  fall,  although  the  water  in  the  river  was  from 
2  to  3  feet  higher  than  the  water  in  the  wells  during  all  of  this  period. 

The  rise  in  the  water  plane  from  6  p.  m.  of  June  21  to  6  a.  m.  of  June 
22,  amounting  to  a  rise  of  0.<)8  foot  in  test  well  No.  1  and  0.62  foot  in 
test  well  No.  2,  was  due,  as  stated  above,  to  a  heavy  rain  which  fell  dur- 
ing the  night.  From  the  data  at  hand  it  is  possible  to  express  the 
magnitude  of  the  contribution  to  the  underflow  as  so  manj^  cubic  feet 
of  water  for  each  mile  of  the  river  valle\'.  If  this  contribution  be  sup- 
posed to  extend  uniformly  over  a  given  period  of  time,  then  the  addi- 
tion to  the  ground  water  may  be  expressed  as  a  continuous  flow  of  so 
many  cu])ic  feet  of  water  per  second  for  each  linear  mile  of  the  river 
valley.  Thus,  in  the  present  case,  if  we  suj)pose  that  the  rainfall  of  the 
night  of  June  21  fell  uniformly  during  the  twelve  hours  from  6  p.  m. 
to  6  a.  m.,  we  can  readily  compute  that  the  observed  increased  amount 
of  ground  water  was  equivalent  for  each  mile  of  valley  along  the  river 
to  a  continuous  flow  of  water  amounting  to  23.8  cubic  feet  per  second. 
To  put  this  in  other  words,  we  can  say  that  if  the  sands  of  the  valley 
had  contributed  to  the  river  by  seepage  all  of  the  water  which  the  i-ain 
added  to  these  same  sands,  the  seepage  would  amount  to  a  continuous 
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ow  into  each  mile  of  the  river  of 
lined  for  twelve  hours. 


.8  cubic  feet  per  second,  main- 
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In  a  simitar  way,  if  the  water  contributed  to  the  ground  by  the  flood 
n  the  river  from  3  p.  m.  to  6  p.  m.  of  June  22  be  considered  as  spread 
miformly  over  twelve  hours,  it  can  readily  be  computed  that  the  gain 
by  the  ground  due  to  this  cause  represents  a  seepage  loss  for  each  mile 
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of  the  rivor  of  H.4  cubic  feet  of  water  per  second.  It  can  readi! 
scon,  thorofoiv,  that  the  rainfall  contributed  a  much  greater  volar 
\vat(»r  to  the  undciHow  than  was  contributed  by  the  flood  in  the  i 

The  jivcraj^c  lisc  of  the  ground  water  during  the  night  of  Jui 
was  such  that  it  would  reiiuiro  a  rainfall,  without  run-off,  of  2.2  ii 
to  fully  account  for  it.  The  minfall  recorded  at  Garden  for  the  i 
of  fJunc  21  was  0.94  inch.  The  difference  between  the  mea^^ured  ri 
tlic  nrround  watiu*  and  the  niinfall  is  explained  by  the  fact  that  the 
almost  no  run-off  from  the  level  lands  of  the  river  valley,  so  that  m 
Jill  of  the  (Iraina^^e  is  underground  by  means  of  the  deposits  of  ^ 
and  travels.  The  seepa^^e  of  this  dniinage  is  in  part  toward  the 
water  plane  alonjr  and  near  the  river  channel.  At  such  a  placi 
amount  of  rise  in  tlie  ground  water  would  natumlly  be  higher 
could  he  accounted  for  by  the  localized  rainfall. 

After  the  \\\vr\\  water  of  »Iune  22  the  river  gradually  fell  unti 
tlic^  morning  of  »June  27,  it  had  reached  an  elevation  of  2,835.9 
which  was  0. 1  foot  lower  than  its  elevation  on  the  morning  of  Jun« 
The  water  in  the  test  wells  *ri-adually  fell  during  the  same  period, 
correspondint;  loss  of  ground  water  being  given  in  Table  8  as  a 
tinuous  How  of  water  expressed  in  cubic  feet  per  second  for  1  mil 
river  vall(\v.     By  the  morninjr  of  »June  27  nearly  all  of  the  water 
trihuted  to  the  sands  of  th(^  valley  by  the  rain  of  June  21  and  the  t 
of  »[une  22  had  disappeai'ed.     The  gain  and  loss  can  be  expresse 
follows,  in  the  form  of  a  ])alance  sheet: 

Table  8. — Aoics  muf  ifoin  of  {jronnd  imter  per  mile  (tf  river  valley^  1904. 
I.— FROM  RIVKK  TO  WKLL  NO.  1,  l.OTU  FEET  X()KTH  OF  RIVER.  GARDEN.  KAX9. 


Time. 


.luno  IS,  0  p.  lu..  to  Jtnu'  21,  6  p.  m. 


Juiu'  21. 
June  22, 
June  22. 
June  2:i. 
June  24. 
July  3.  0 


6  p.  ni 
r>  H.  in, 
6  p.  m 
«i  H.  ni. 
()  II.  m, 
p.  m.. 


.,  tu  June 
,,  to  June 
..  to  June 
..  to  June 
,.  to  June 
to  July  7, 


July  7.  6  a.  m..  to  July  8. 
July  H,  6n.  m..  to  July  9, 


22,  Hh. 
22,  f)  p. 
•23,  (5  a. 
21.  ft  a. 
27.  6  n. 
6  a.  m. 

6  a.  m. 

6  a.  m. 


m 

m 

m 

m 


July  9.  ♦>  a.  m..  to  July  U,  6  a.  m. 


Gain  in 
Rrounrl 

water  piT 
mile  of 

river  val- 
ley. 


Sec.  jot. 

-  o.9;j 

2:>.8 

7.3 

-  5.4 
-  3.1 

-  2.7 
2.3 

22.4 

-14.6 

-  1.0 


Remarks. 


I  No  ehanp«'  in  elevation  of  river  w 
I  and  only  slif^ht  ehange  in  elevi 
I      of  water  in  well  No.  1  until  Jui 

j  Due  to  rainfall  of  O.W  inch. 

I  Due  to  rise  in  river. 


[  Due  to  rain.    No  ehange  in  elev 
of  river  water. 

•  Due    to   rain   night  of  July   7. 
ehangc  in  elevation  of  river  v 

Rate  of  loss  during  24  hours  afte 
•    cipitation  of  1.2  inches  of  nig 
July  7. 
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Table  8. — Losa  and  gain  of  ground  water  per  mile  of  river  valley y  1904 — Continued. 
II.— FROM  RIVER  TO  WELL  NO.  2,  900  FEET  NORTH  OF  RIVER,  SHERLOCK,  KAN8. 


Time. 


Fnly  15,  9  a.  m.,  to  .July  20,  7.30  a.  m  . . 
Faly  20,  7.30  a.  m.,  to  July  25,  6  a.  m  . . 

Fuly  27, 11  a.  m.,  to  July  27, 1  p.  m 

tuly  27, 1  p.  m.,  to  July  27,  3  p.  m 

Fuly  27,  3  p.  m.,  to  July  27,  .5  p.  m 

fuly  27,  5  p.  m.,  to  July  27,  7  p.  m 

Fuly  27,  7  p.  m.,  to  July  28,  6  a.  m 

fuly  28.  6  a.  m.,  to  August  1,  6  a.  m  . . . 


Remarks. 


111.— FROM  RIVER  TO  WELL  NO.  5,  560  FEET  SOUTH  OF  RIVER,  SHERLOCK,  KANS. 


faly  18,  7  a.  m.,  to  July  20,  7  a.  m 

fuly  20,  7  a.  m.,  to  July  25,  7  p.  m 

fuly  25,  7  p.  m.,  to  July  27,  11  a.  m. . . 
fuly  27.  11  a.  m..  to  July  27.  I  p.  m. . . 

fuly  27,  1  p.  m..  to  July  27.  3  p.  m 

fuly  27,  3  p.  m..  to  July  27.  5  p.  m 

fuly  27,  5  p.  m.,  to  July  27,  7  p.  m 

fuly  27,  7  p.  m.,  to  July  29,  8  a.  m 

uly  29.  8  a.  m.,  to  August  1.  8  a.  m  . . 


-  1.35 

-  .54 

-  .20 
63.8 
28.9 
13.4 

L34 

-  .22 

-  .92 


v.— FROM  WELL  NO.  5  TO  WELL  NO.  6.  2..'W0  FEET  SOUTH  OF  RIVER,  SHERLOCK.  KANS. 


fuly  18,  7  a.  m.,  to  July  20. 12  m 

ruly  20,  12  m.,  to  July  25,  8a.m 

Tuly  25,  H  a.  m..  to  August  1.  8  a.  m. 


-  2.6 
-  1.5 

-  .5 


v.— FROM  RIVER  TO  WELL  NO.  2,  1,730  FEET  SOUTH  OF  RIVER,  DEERFIELD,  KANS. 


A^ugust  4,  9  a.  m.,  to  August  9.  a.  m 

August  6.  9  a.  m.,  to  August  8,  7.30  a.  m 

A.\igust8,  7.80  a.  m.,  to  August  9,  9  a.  m 

Augu.«t  9,  9  a.  m.,  to  August  10.  7.30  a.  ra 


-  0.51  ; 
5.26  ' 
1.82 

-  .61 


Summary  of  loan  and  gain  of  g round  water  per  mile  of  river  valley. 

I  Cubic  feet. 


GAIN. 

^'n  of  night  of  June  21.  From  6  p.  m.,  June  21,  to  6  a.  ni..  June  22.  12  liours, 
M  23.8  cubic  feet  per  secc^nd 

flood  of  afternoon  of  June  22.  From  6  a.  m.,  June  22,  to  6  p.  m  ,June  '22,  12 
hwiix.  at  7.3  cubic  feet  per  second 

ToUlgaIn 

L088. 

*  P-  m.,  June  22,  to  6  a.  m.,  June  28, 12  hours,  at  5.4  cubic  feet  jwr  .««t*<'ond 

**->n.,June23,  to6a.  m.,  June  24,  24  hours,  at  3.1  cubic  feet  ^>er  second 

**•  Di.,  June  24,  to  6  a.  m.,  June  27,  72  hours,  at  2.7  cubic  feet  jH?r  second 

ToUllow 

>Jetgain 


Acre- 
feet. 


1,030,000 


1 

315,000  ' 

7. 2 

1.345.000 

:%).8 

1 
233.000  1 

268,000  ; 

700.000  f 

5.4 
6.1 
16.1 

27.6 


144,000  , 


30 


UNDEBFLOW  IN  ABKANSAS  VALLEY,  WESTERN  KANSAS. 


of  the  river  of  6.4  cubic  feet  of  water  per  second.  It  can  readily  \ 
jseen,  therefore,  that  the  rainfall  contributed  a  much  greater  volume  ( 
water  to  the  underflow  than  was  contributed  by  the  flood  in  the  rive 

The  avei-age  rise  of  the  ground  water  during  the  night  of  June  i 
was  such  that  it  would  require  a  rainfall,  without  run-off,  of  2.2  ineh< 
to  fully  account  for  it.  The  rainfall  recorded  at  Garden  for  the  nig) 
of  June  21  was  0.94  inch.  The  difference  between  the  measured  rise  ( 
the  ground  water  and  the  rainfall  is  explained  by  the  fact  that  there 
almost  no  run-off  from  the  level  lands  of  the  river  valley,  so  that  nearl 
all  of  the  drainage  is  underground  by  means  of  the  deposits  of  sane 
and  gravels.  The  seepage  of  this  drainage  is  in  part  toward  the  Ion 
water  plane  along  and  near  the  river  channel.  At  such  a  place  th 
amount  of  rise  in  the  ground  water  would  natumlly  be  higher  tha 
could  be  accounted  for  by  the  localized  rainfall. 

After  the  high  water  of  June  22  the  river  gradually  fell  until,  o 
the  morning  of  June  27,  it  had  reached  an  elevation  of  2,836.9  feel 
which  was  0.1  foot  lower  than  its  elevation  on  the  morning  of  June2i 
The  water  in  the  test  wells  gradually  fell  during  the  same  period,  tl 
corresponding  loss  of  ground  water  being  given  in  Table  8  as  a  coi 
tinuous  flow  of  water  expressed  in  cubic  feet  per  second  for  1  mile  < 
river  valley.  By  the  morning  of  June  27  nearly  all  of  the  water  coi 
tributed  to  the  sands  of  the  valley  by  the  rain  of  June  21  and  the  floe 
of  June  22  had  disappeared.  The  gain  and  loss  can  be  expressed  t 
follows,  in  the  form  of  a  balance  sheet: 

Table  8. — IjOSs  and  gain  of  ground  uxtter  per  rnUe  of  river  valley ^  1904- 
I.— FROM  RIVER  TO  WELL  NO.  1,  1.070  FEET  NORTH  OF  RIVER,  GARDEN.  KANS. 


Time. 


June  18,  6  p.  in.,  to  June  21,  6  p.  m. 


.Tune  21, 
June  22, 
.Tune  22, 
.Tune  2.3, 
June  24. 
July  3,  C 


6  p.  m 
6  a.  in 
()  p.  m 
6  a.  ni 
6  a.  m 
p.  m.. 


,,  to  June 
,  to  June 
,,  to  June 
,  to  June 
.  U) June 
to  July  7, 


July  7.  6  a.  m.,  to  July  8, 
July  S,  6  a.  m.,  to  July  9, 


22.  6  a.  1 

22.  6  p.  1 

23.  6  a.  1 

24.  6  a.  1 
27.  6  a.  1 
6a.  m. 

6a.  m. 

6a.  ra. 


Gain  in 
ground 

water  per 
mile  of 

river  val- 
ley. 


July  9,  6  a.  m.,  to  July  11,  6  a.  m. 


Scc.Jcrt. 

-  0.93 

23.8 
7.3 

-  .\4 

-  3.1 

-  2.7 
2.3 

22,4 


-  1.0 


Remarks. 


No  change  in  elevation  of  river  wait 
and  onlyHlight  change  in  elevRiiJ 
of  water  in  well  No.  i  until  June 2 

Due  to  rainfall  of  0.94  inch. 

Due  to  rise  in  river. 


Due  to  rain.  No  change  in  elevati* 
of  river  water. 

Due  to  mill  night  of  July  7.  ' 
change  in  elevation  of  river  w»t' 

Rate  of  lo8«  during  24  hours  after  p 
cipitation  of  1.2  inches  of  night 
July  7. 
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Tablb  8. — Loss  and  gain  of  ground  water  per  mile  of  river  valley f  1904 — Continued. 
II.— FROM  RIVER  TO  WELL  NO.  2,  900  FEET  NORTH  OF  RIVER.  SHERLOCK,  KANS. 


Time. 


Remarks. 


July  15.  9  a.  m.,  to  July  20,  7.30  a.  m  . 
July  20.  7.30  a.  m..  to  July  25,  6  a.  m  . 
July  27,  11  a.  m.,  to  July  27, 1  p.  m... 

#uly  27,  1  p.  m.,  to  July  27,  3  p.  m 

July  27.  3  p.  m.,  to  July  27,  5  p.  m  — 

July  27,  5  p.  m.,  to  July  27,  7  p.  m 

July  27,  7  p.  m.,  to  July  28,  6  a.  m 

July  28,  6  a.  m.,  to  Augu.st  1.  6  a.  m  . . 


ill.— FROM  RIVER  TO  WELL  NO.  5,  560  FEET  SOriH  OF  RIVER,  SHERLOCK,  KANS. 


July  18.  7  a.  m..  to  July  20,  7  a.  m 

July  20,  7  a.  m.,  to  July  25,  7  p.  m 

July  25,  7  p.  m.,  to  July  27,  11  a.  m 

July  27, 11  a.  m.,  to  July  27, 1  p.  m 

July  27,  1  p.  m..  to  July  27,  3  p.  m 

July  27,  3  p.  m.,  to  July  27,  5  p.  m 

July  37,  5  p.  m..  to  July  27,  7  p.  m 

July  27,  7  p.  m.,  to  July  29,  8  a.  m 

July  29.  8  a.  m.,  to  August  1,  8  a.  m  . . . 


-  1.35 

-  .54 

-  .20 
63.8 
28.9 
13.4 

i.ai 

-  .22 

-  .92 


IV.— FROM  WELL  NO.  5  TO  WELL  NO.  6,  2.500  FEET  SOI.TH  OF  RIVER,  SHERLOCK.  KANS. 


July  18,  7  a.  m.,  to  Jul>-  20, 12  m 

July  20,  12  m.,  to  July  25,  8  a.  m 

July  25,  »  a.  m.,  to  August  1,  8  a.  m. 


2.6 

1.5 

.5 


v.— FROM  RIVER  TO  WELL  NO.  2,  1,730  FEET  SOUTH  OF  RIVER,  DEERFIELD,  KANS. 


August  4,  9  a.  m..  to  Augu.«»t  9.  a.  m 

Auguxt  6.  9  H.  m.,  Uy  August  8,  7.80  a.  m 

August  8.  7.90  a.  m.,  to  August  9,  9  a.  m 

August  9,  9  a.  m.,  to  August  10,  7.30  a.  m 


0.51 

5.26  ; 

L82  I 

.61 


Summary  of  losx  and  gain  of  grtmnd  uater  pa'  mile  of  river  valley . 

1  Cubic  feet. ! 


Acre- 
feet. 


OAI.V. 

Rain  of  night  of  June  21.    From  6  p.  m.,  June  21,  to  6  a.  m.,  .June  22.  12  liours, 
at  23.8  cubic  feet  per  second 

Fl<Mj(l  of  afternoon  of  June  22.    From  6  a.  m.,  June  22,  to  6  p.  m  ,  June  22,  12  ' 
hours,  at  7.3  cubic  feet  per  second 

Total  gain 


*Pm.,  June  22,  to  6  a.  m.,  June  28, 12  hours,  at  5.4  cubic  feet  p<»r  .neeond. 
^^ra.,  June 23,  to  6  a.  m.,  June  24,  24  hours,  at  3.1  cubic  feet  per  .*K?eond. 
**•  m.,  June  24,  to  6  a.  m.,  June  27,  72  hours,  at  2.7  cubic  feet  per  seeoud. 

Total  lom ;    1,201,000 

Net  gain 


1,030,000  : 


315, 0(K) 


1.345.  (XX) 


233. 0(K) 
268,000 
700.000 


0.4 
6.1 
16.1 


27.6 


1 


144, 000  ■ 
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In  PI.  I  there  is  shown  a  view  of  a  model  designed  to  illustra 
the  changes  in  ground-water  levels  which  have  just  been  discusser 
This  model  shows,  by  cardboard  cross  sections,  the  level  of  the  wat€ 
in  Arkansas  River  and  in  three  wells  north  of  the  river  on  variou 
dates  in  June  and  July,  1904.  These  are  the  same  wells  and  the  sam 
data  given  in  Table  8  and  represented  graphically  in  fig.  10.  Th 
height  of  the  river  is  represented  at  the  left  end  of  each  cardboar 
section  and  the  position  of  the  surface  of  the  ground  water  in  the  thre 
wells  appears  at  the  appropriate  distances  to  the  right,  the  wells  beioj 
indicated  by  vertical  lines  and  by  the  right  end  of  the  cai"d.  The  wel 
repre.sented  by  the  right  end  of  each  cardboard  section  is  located  abou 
3,500  feet  north  of  the  north  bank  of  the  river. 

The  surface  of  the  ground  water  is  represented  in  the  mode}  by  th< 
straight  lines  forming  the  top  of  each  piece  of  cardboard.  Of  couw 
the  actual  surface  did  not  consist  of  a  broken  line,  as  shown,  but  of  : 
curved  line  passing  smoothly  through  the  angles  of  the  broken  line 
The  representation  of  the  ground-water  surface  as  straight  lin< 
between  the  various  wells  introduces  no  substantial  error  in  iX 
results,  and  it  illustrates  the  characteristic  changes  with  greater  fide 
ity  than  curved  lines,  whose  forms,  in  any  case,  could  be  known  on 
approximately. 

It  can  readily  be  observed  from  this  diagram  that  the  river  af 
water  plane  remained  substantially  stationary  from  June  18  to  June  2 
The  influence  of  the  heavy  rain  of  the  night  of  June  21  is  shown  c 
the  third  cardboard  section  by  the  more  elevated  water  plane  of  tt 
next  morning,  the  river  remaining  stationary  during  this  interva 
The  fourth  cardboard  cross  section  (6  p.  m.,  June  22)  shows  the  riv€ 
flood,  which  began  at  3  p.  m.  June  22.  This  cross  section  shows  that  th 
water  plane  sank,  notwithstanding  this  heavy  flood,  except  at  the  we 
nearest  the  river.  The  river  gradually  fell,  the  water  plane  also  fal 
ing  at  the  same  time.  The  model  shows  the  water  plane  at  its  lowes 
observed  position  on  July  3.  The  section  shown  in  the  model  fo 
July  7  illustrates  the  influence  of  the  rains  falling  from  July  3  t 
July  7  in  raising  the  water  plane.  The  greatest  rise  in  the  water  plan 
observed  at  any  time  is  shown  in  the  model  by  the  third  section  froi 
the  end,  that  corresi!)onding  to  the  morning  of  July  8.  This  rise  wa 
due  to  a  rain  of  more  than  1  inch  on  the  night  l)efore.  As  in  the  pre 
vious  instances,  the  water  plane  rapidly  fell  away  after  the  rise.  1 
is  impoilant  to  bear  in  mind  that  the  height  of  the  river  remaine 
almost  constant  from  July  3  to  9. 

These  same  changes  are  also  shown  in  fig.  10,  where  a  curve  is  give 
for  the  changing  height  of  water  in  each  well  and  the  river.  In  usic 
this  diagram  or  the  table  it  is  importiint  to  know  that  it  is  usuall 
necessary  to  compare  evening  observations  with  evening  observation 
and  not  with  morning  observations.     Owing  to  changes  in  temper 
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lire  and  barpnieter  there  are  diurnal  periodic  changes  in  the  position 
>f  the  water  plane,  and  these  fluctuations  are  such  that  it  is  always 
nore  satisfactory  to  compare  observatioiLS  taken  at  corresponding 
:inies  of  the  da\',  unless  the  intermediate  changes  are  very  violent 
rh«»  morning"  level  of  the  ground  water  is  normally  higher  than  the 


reef 


26.33 


2366. 


Fig.  11.— C'ur^es  of  barometric  pressure  and  Ueight  of  water  plaur,  j»h()\vinK  correspondence  between 
th«?  fluctuations  of  the  barometer  and  the  water  plane  a.M  observtMl  ou  Hereral  dates  at  Sherl«M'k, 
Kan*.  The  dotted  lines  give  the  diurnal  variations  in  the  Imrometric  pressure;  the  full  lines 
show  the  elevations  of  the  water  in  test  well  No.  1. 

evening  level,  the  fluctuations  in  the  wells  discussed  above  l>eing  indi- 
cated very  clearly  by  some  of  the  lines  in  lig.  10,  esix^cially  those  show- 
ing the  June  fluctuations  in  test  wells  Nos.  1,  2,  and  3. 

Some  results  showing  the  correspondence  between  the  barometric 
pressure  and  the  ground-water  elevation  were  sought  for  at  camp  1, 
ZEM  163r-06 3 
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near  Sherlock,  Kans.  The  data  obtained  are  depicted  graphically  in 
fig.  11.  The  results  were  not  what  were  expected,  as  the  influence 
of  the  barometric  pressure  should  be  to  raise  the  ground  water  as  the 
barometer  falls.**  This  indicates  that  the  low  position  of  the  ground 
water  in  the  afternoon  of  each  day  is  probably  a  temperature  effect, 
due  to  the  decrease  in  the  capillarity  of  the  water  with  the  tempera- 
ture. The  ground  water  at  test  well  No.  1,  Sherlock,  and  in  test  wells 
Nos.  1,  2,  and  3,  Garden,  was  within  3  feet  of  the  surface  of  the 
ground  and  the  difference  in  temperature  of  day  and  night  was  very 
great. 

In  fig.  10  the  level  of  water  in  the  Richter  well,  2,500  feet  north  of 
the  river,  is  compared  for  a  period  of  about  thirty  d^ys  with  the  ele- 
vation of  the  water  in  Arkansas  River.  The  total  variation  of  the 
water  plane,  as  shown  by  the  levels  observed  in  the  well  twice  daily 
during  the  thirty -day  interval,  did  not  exceed  2  inches.  This  shows 
that  the  influence  of  the  river  upon  the  ground  water  dies  out  to  prac- 
tically nothing  in  a  distance  of  one-half  mile.  The  influence  of  the 
rainfall  upon  the  water  in  the  well  is  traceable  by  a  comparison  of  the 
rainfall  record  and  the  well  curve,  but  it  is  uncertain  whether  any 
connection  can  be  detected  between  the  elevation  of  the  river  and  the 
well  curve.  The  influence  of  occasional  pumping  upon  the  ground- 
water level  is  quite  pronounced. 

The  observations  given  above  indicate  the  following  conclusions: 

1.  The  level  of  the  ground  water  shows  a  marked  tendency  to  remain 
at  a  level  lower  than  the  channel  of  the  river  at  a  point  about  one- 
fourth  mile  north  of  the  river  channel. 

2.  The  elevation  of  the  water  plane  is  ver}^  sensitive  to  the  amount 
of  rainfall,  the  rise  in  the  water  plane  (due  to  a  min)  in  the  first  bot- 
toms being  greater  than  can  be  accounted  for  by  the  localized  pre- 
cipitation. 

3.  High  water  in  the  river  has  much  less  effect  upon  the  level  of  the 
ground  water  than  the  rainfall,  its  influence  being  confined  to  a  dis- 
tance of  a  few  hundred  feet  from  the  river  channel. 

4.  The  water  plane  falls  at  a  very  rapid  rate  after  its  elevation  has 
been  increased  by  rainfall  or  by  a  flood  in  the  river. 

5.  The  fact  that  the  water  plane  lies  for  a  considerable  distance  at  a 
level  lower  than  the  river  channel,  even  when  there  is  water  in  the 
river  for  an  extended  length  of  time,  and  the  rapid  way  in  which  the 
ground  water  sinks  after  its  rise  due  to  heavy  rain,  establishes  the  fact 
that  the  underground  drainage  through  the  sands  and  gravels  beneath 
the  river  valley  is  more  than  suflicient  to  carrv  off  all  of  the  rainfall 
without  run-off  into  the  river  channel. 


a  Slichter,  C.  S.,  Motlonsof  undei^round  waters:  Water-Sup.  and  Irr.  Paper  No.  67,  U.  8.  Geol.  Survey 
1902,  p.  78. 
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•FLUCTUATION  OF  GROUND- WATER  LEVEL  AT  SHERLOCK,  KANS. 

Observations  of  changes  of  level  of  ground  water  near  Sherlock, 
^ans.,  were  made  during  the  period  extending  from  July  15  to  August 
J,  1904.  For  this  purpose  a  number  of  test  wells  were  driven,  the 
ocation  of  which  is  shown  in  fig.  4.  Of  these  test  wells,  No.  2  was 
KK)  feet  and  No.  3  was  400  feet  north  of  the  river;  No.  5  was  550 
reet  and  No.  6  was  2,500  feet  south  of  the  river.  The  complete  record 
)f  observations  taken  in  the  field  is  given  in  Table  9.  The  principal 
-esults  presented  by  this  table  are  shown  graphically  in  fig.  12.  As 
ihown  by  this  diagram,  Arkansas  River  gradually  fell  from  July  15 
mtil  July  27.  At  this  time  the  water  in  the  river  had  reached  a  very 
ow  stage,  the  flowing  water  occupying  a  width  in  the  channel  of 
ibout  a  rod  and  a  depth  of  about  6  inches. 
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During  this  same  period  of  fall  in  the  river  there  was  no  rai 
except  on  July  22  and  a  ver^^  light  rain  on  July  25.     The  i-ain  of . 
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22  was  measured  at  Garden  by  the  volunteer  observer  of  the  Un 
Statics  Weather  Bureau  as  1.42  inches,  but  the  rainfall  at  Sherl 
wRH  ver\'  much  less.     During  this  period  of  fall  of  level  of  the  wi 
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the  river  the  test  wells  north  of  the  river  fell  at  corresponding 
:es.  The  total  fall  in  the  river  amounted  to  0.96  of  a  foot;  the  fall 
test  well  No.  3,  400  feet  north  of  the  river,  during  the  same  period 
s  0.9  of  a  foot;  in  test  well  No.  2,  900  feet  north  of  the  river,  0.77 
a  foot;  in  test  well  No.  5,  550  feet  south  of  the  river,  0.5  of  a  foot; 
i  in  test  well  No.  6,  2,500  feet  south  of  the  river,  0.3  of  a  foot. 
I  July  27,  between  11  a.  m.  and  6  p.  m.,  the  river  rose  1.6  of  a  foot, 
storing  the  level  of  water  in  the  river  to  the  height  of  July  15  plus 
5  of  a  foot.  This  sudden  rise  in  the  river  was  not  accompanied  by 
infall  in  the  neighborhood  of  Sherlock.  Its  influence  upon  the 
rious  test  wells  is  shown  by  fig.  12.  The  inmiediate  effect  upon  test 
jlls  Nos.  2  and  3,  north  of  the  river,  was  very  apparent.  Between  11 
m.  and  7  p.  m.  test  well  No.  3, 400  feet  north  of  the  river,  rose  1.05 
Bt,  and  test  well  No.  2,  900  feet  north  of  the  river,  rose  0.49  of  a 
ot.  By  the  next  morning  at  6  a.  m.  the  river  had  fallen  0.25  of  a 
ot;  test  well  No.  3,  400  feet  north  of  the  river,  had  risen  about  0.1 

a  foot,  and  test  well  No.  2,  900  feet  north  of  the  river,  had  risen 
^3  of  a  foot.  The  river  continued  to  fall  very  slowly,  on  the  morn- 
ar  of  July  29  having  fallen  only  about  one-half  of  0.1  of  a  foot  from 
'  elevation  on  July  28;  the  water  in  test  wells  Nos.  2  and  3  had 
opped  about  the  same  amount,  and  on  August  1,  at  8  a.  m.,  when 
e  river  had  fallen  0.6  of  a  foot  below  its  elevation  of  July  29,  test 
ills  Nos.  3  and  2  had  dropped  3.6  and  1.8  feet,  respectively.  During 
is  same  period  of  time  the  water  plane  south  of  the  river  acted  very 
fferently  from  that  observed  on  the  north  side  of  the  river.  The  water 
^  test  well  No.  6, 2,500  feet  south  of  the  river,  fell  continuously  from 
uly  18  to  August  1,  notwithstanding  the  flood  of  July  27;  and  that 
a  test  well  No.  5,  550  feet  south  of  the  river,  fell  from  July  18  until 
^uly  27,  the  total  fall  amounting  to  0.47  of  a  foot.  No  observation 
^as  made  at  this  test  well  on  July  28,  but  by  the  morning  of  July  29 
^^  water  had  risen  0.45  of  a  foof.  On  August  1  it  had  fallen  0.2  of  a 
foot  below  its  level  on  the  morning  of  July  29,  in  sympathy  with  the 
K^neral  fall  of  the  water  in  the  river.  It  can  be  seen  from  this  that 
^^^  elevation  of  the  water  in  the  various  test  wells  showed  all  varieties 
^f  change  during  the  flood  in  the  riv^er.  The  wells  within  900  feet  of 
the  river  fluctuated  quite  accurately  with  the  changing  level  in  the 
^ver  itself,  while  the  water  in  the  test  well  one-half  mile  from  the 
^ver  seemed  to  show  no  effect  of  the  flood  in  the  river  during  the 
period  of  observation. 

In  explanation  of  the  gradual  fall  in  the  test  wells  from  July  18  to 
^^^y  27,  it  must  be  remembered  that  the  position  of  the  water,  as 
found  on  July  18,  was  high  on  account  of  the  heavy  rains  which  fell 
during  the  first  twelve  days  of  July.  From  July  4  to  tFuly  18,  inclu- 
sive, 3.27  inches  of  rain  were  caught  at  the  rain  gage  at  Garden,  Kans. ; 
•^e  rainfall  at  Sherlock,  Kans.,  was  probably  as  great,  so  it  is. very 
likely  that  the  level  of  the  water  found  in  the  test  wells  on  July  ^'' 


40 


UNDERFLOW  IN  ARKANSAS  V.VLLEY,  WESTERN  KANSAS. 


and  18  was  hi^h  owing  to  the  previous  niins.  In  fig.  13  the  resi 
of  the  flood  of  July  27  are  shown  in  greater  detail  than  in  the  previ 
diagram. 

A  photograph  of  a  cardboard  model  sliowing  the  changing  positi 
of  the  water  plane  at  Sherlock  is  reproduced  in  Pis.  II  and  111. 
top  of  each  cardboard  corresponds  to  a  cross  section  of  the  water  pi 
taken  across  the  valley  on  a  certain  date,  the  right  side  of  each  c 
corresponding  with  the  north  side  of  the  valley,  the  left  side  coi 
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Fio.  13.— Elevation  of  water  in  Arkansas  River  and  in  two  test  wella  near  Sherlock,  Kann.,  for  vi 
hours  during  the  fliKxl  of  July  27,  1904.  The  vanishing  Influence  of  the  flood  with  incre 
diBtancc  from  tlie  river  is  clearly  brought  out  by  the  diiignim.  Test  well  No.  2  is  900  feet : 
of  north  bank  of  river;  test  well  No.  3  is  400  feet  north  of  north  bank  of  river. 

sponding  with  the  south  side  of  the  valley.  The  location  of  each 
well  is  shown  })v  a  vertiail  line,  and  i\w  position  of  the  channel  of 
Arkansas  is  indicated  h\  the  level  segment  of  each  card  near  the  i 
die  of  each  section.  The  model  shows  to  the  eye  the  way  in  w 
the  river  and  the  water  in  all  of  the  test  \v(»lls  gradually  fell  from  % 
13  to  July  21^  and  it  also  ilhistrates  thi^  influence  of  the  flood  of  % 
27  upon  the  wells  near  the  river.  It  also  shows  that  the  level  of  yt 
in  well  No.  6,  one-half  mile  south  of  tlie  river,  was  not  influencec 
the  flood  in  the  river,  but  continued  to  fall  during  the  entire  pei 
The  d(»creasing  influence  of  the  river  on  the*  water  plane  with  the 
tance  from  the  river  is  brought  out  cUnirly  by  the  diagram  (fig.  1,* 
It  is  a[)parent  from  this  model,  as  well  as  from  the  one  shown 
camp  1,  that  then*  is  a  marked  tendency  for  the  ground  water 
the  river,  esi)ecially  on  the  north  side*,  to  n^nain  at  a  lower  level 
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I©  water  in  the  river  itself.  At  the  time  the  data  presented  by  the 
odel  were  obtained,  there  had  been  water  in  the  river  for  six  or  seven 
eeks  and  the  amount  of  rainfall  had  been  al)ove  the  average.  These 
cts  indicate  that  the  underground  drainage  through  the  sands  and 
ravels  is  more  than  sufficient  to  drain  off  the  precipitation,  without 
itixm  seepage  into  surface  streams  and  without  run-off  from  the  sur- 
ice  of  the  ground. 

The  various  amounts  of  ground  water  gained  or  lost  by  each  mile 
f  the  valley  along  the  river  at  Sherlock  from  July  15  to  August  1, 
^04,  is  expressed  in  Sections  II,  III,  and  IV  of  Table  8  (p.  31).  For  the 
)urpose  of  making  the  results  as  definite  as  possible  the  gain  or  loss 
'or  each  mile  of  valley  is  given  as  a  continuous  flow  of  water  expressed 
^n  cubic  feet  per  second.  Thus,  according  to  the  table,  the  strip  of 
ground  between  the  river  bank  and  test  well  No.  2,  90<)  feet  north  of 
the  river,  extending  along  the  stream  for  a  distance  of  a  mile,  lost 
Water  from  July  15  to  to  July  20  at  a  rate  ecjuivalent  to  a  steady  flow 
of  water  equal  to  2  cubic  feet  per  second.  During  the  flood  on  July 
'-^7  this  same  strip  of  country  absor]>ed  water  from  the  riv^er  during 
^he  first  two  hours  of  flood  at  the  rate  of  54:  cul)ic  feet  per  second, 
^he  rate  of  gain  during  the  three  following  periods  of  two  houi*s  each 
^^s  72,  65,  and  32.4  second-feet,  respectively.  During  the  eleven 
^^iXTs  from  7  p.  m.,  July  27,  to  6  a.  m.,  July  28,  the  nite  of  gain  fell 
^  1.5  second-feet,  after  which  the  ground  lost  water.  These  results, 
*'^d  similar  results  for  the  south  side  of  the  i-iver,  are  given  in  the 
^Me.  Putting  all  of  these  results  together  we  can  compute  the 
^^ount  of  water  furnished  to  the  sands  by  tlui  flood  in  the  river  as 
allows,  the  comput*4tion  applying  to  1  mile  of  the  river  valley  only: 

Water  funmlifd  to  snmh  near  Sherlock,  KatiA.,  hif  tinoil  of  Arkinistn*  J^ii^r. 

^^*tth  of  river:  cubic  fJet. 

July  27,  U  a.  m.  U)  1  p.  ni.,  2  hoiirn,  at  54  cubic  feet  per  second  . . .  1^9,  000 

July  27,  1  p.  in.  to  3  p.  m.,  2  hourn,  at  72  cubic  feet  per  secomi 525,  000 

July  27,  3  p.  ni.  to  5  p.  m.,  2  hours,  at  <)5  cu)>ic  feet  per  second 467, 000 

July  27,  5  p.  m.  to  7  p.  ni.,  2  hours,  at  '.V2A  cubic  feet  per  second  . .  2:^,  (XX) 
July  27,  7  p.  m.  to  6  a.  ni.  July  28,  1 1  liours,  at   1.5  cubic  feet  per 

second 59, 500 

Totelgain "1,074,500 

^«th  of  river: 

July  27,  1 1  a.  m.  to  1  p.  m.,  2  hours,  at  <)3.8  c  bic  feet  i)er  second  .  459,  000 

July  27,  1  p.  m.  to  3  p.  ni.,  2  hours,  at  28.9  cubic  feet  imt  set^ond  . .  208, 000 

July  27,  3  p.  m.  to  5  p.  m.,  2  hours,  at  13.4  cubic  feet  per  second  . .  9(5,  500 

July  27,  5  p.  m.  to  7  p.  m.,  2  hours,  at  1.34  cubic  feet  jK»r  second  . .  9, 650 

Total  gain 773, 150 

July  27,  7  p.  m.  to  8  a.  ni.  July  28,  lot»s  at  0.22  cubic  foot  jn^r  w^'oml.      •      10,  296 

Net  gain 6762, a'>4 

Total  gain  both  sides  of  river ''2, 437,  :^54 

«  Equals  88.4  acre-feet.       b  Equals  n.ti  arrc-feot.       •'  K<iiialM  56  a<*re-feot. 
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The  gain  of  56  acre-feet  took  place  on  land  having  an  area  of  175 
acres. 

The  al)ove  results  show  the  gain  between  test  well  No.  2,  900  feet 
north  of  the  river,  and  tost  well  No.  6,  650  feet  south  of  the  river. 
There  was  some  gain  in  ground  water  in  the  lands  north  and  south  of 
those  l)oundarios,  hut  the  data  arc  not  at  hand  for  the  computatioD. 
The  susceptibility  of  the  ivdjoining  lands  in  receiving  seepage  water 
from  the  river  was  greater  on  the  north  side  than  on  the  tK>uth  side  of 
the  river. 

FLUCTUATION    OF    QROUND-WATER    LEVEL    AT    DBERFIBLO, 

KANS. 

Observation  of  the  ground-water  level  was  made  at  camp  3,  near 
IVorfiold,  in  thr(H>  test  wells.  The  location  of  these  test  wells  appears 
on  the  map,  fig.  «>.  The  water  in  the  river  occupied  but  a  small  part 
of  the  river  channel  (luring  most  of  the  time  during  which  these  obser- 
vations W(»re  made,  and  therefore  the  distances  of  the  test  wells  from 
the  edge  of  tho  flowing  water  are  given  in  fig.  19,  in  preference  to  the 
disbmces  from  tho  river  Imnk.  Tost  well  No.  1  was  1,100  feet,  and 
well  No.  2,  1,730  foot  south  of  water  in  tho  river.  Test  well  No.  3 
was  1,100  f(».ct  south  of  tho  river,  l>ut  1,000  feet  upstream  from  test 
well  No.  2. 

Tahle  10. — Kh'.mt'uiu  of  initer  hi  river  tnid  tent  nrlls  at  Deerfidd^  KanM. 


DHti- 


19»«. 
AiigviHt4.. 
August  5. . 

AUgUHtG.. 

August  8.. 

Do.... 

Do 

Do.... 
Aiigust9.. 

Do.... 
Augu.MtlO. 


Tlnif 


.     Hy.    I 
(Iraulic 

Eh-vation  fj^^'l^;,; 
wt.llNo.l.     '{Ill''   . 

f n.m  rivi-r.  I  ^V"j   ' 

:  i«»  well  I 
No.  2.  ; 


Kloviitiou 
of  wiiti>r  ill 
wvllNo.-i, 

1.7;W  fret 
from  river. 


2,  H23. 02 
.!      2,923.14 


9  n.  m  . . . 

do.. 

<lo j  2,923.21  ' 

l.'MHi.  Ill '  2,92;t.23  I 

10  II.  in '  2.923.2:{ 

r2ni I  2.»23.2:<  ' 

l.:i()|).  m I  2. 923. 23  , 

9ii.  m 2.«»23.27 

2.;Wp.  Ill 2,923.29  i 

7.3(»ii.  Ill 2.923.:«  ' 


Fat.    ' 
0.25  I 
.17  i 
.SO 

.wl 

.20  I 

.17  I 
.OS 

.00  I 


Fett. 
2. 922. 9l» 
2.923.12 
2. 1*23.27 
2,92:^.29 
2. 92:<.  27 
2,92:i.2>« 
2.923.26  ' 
2.923.29  . 
2,923.28  . 
2,923.32 


Hy- 
dmiilic, 
1  grarli- 
ont.  |>fr 

luilo. 

fn>iii 

well 

N«).  2 
to  well 

No.  3., 

Ft'ti. 


I    Hy- 
>  dnulic 
Elevation    gradi- 
of  water  in  lent,  per 
well  No.  3,    mile. 
1.100  feet  '  from 
from  river.  |   river 
to  well 
I  No.  8. 


9.0  , 

8.JS  I 
8.-1 

8.0  ' 

8.5  i 
8.7, 

8.8  , 


2,924. 
2,924. 
2,924. 
2,924. 
2,924. 
2,924. 
2, 924. 
2,924. 


ftrt. 
57  I  -1.10 
75  I  L44 
87  ,      2.96 

82  -1.58 

83  ' 

83  > 

84  , 


EleriOflO 

ofwattfl" 

river. 


2,«*- 


tO 


89  ,  -1.4»  I 


2,92^ 


8.7 


1.78  I 


%9H^ 


The  chart  ^iveii  in  fig.  14:  shows  that  a  flood  on  Augfust  7  in  ti^ 
rivor  had  no   influence  upon  the  water  level  in   any  of  the  well^^ 
although  frequent  observation.s  were  made  to  detect  such  influenc^^ 
Tho  diagram  likewise  shows  tho  effect  of  the  rain  in  mising  the  groun^^ 
water  as  shown  by  all  of  the  wells  from  August  4  to  August  7.     Dur — 
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ing  this  same  interval  the  river  was  falling,  while  the  ground  water 
was  rising.  The  rainfall  was  measured  at  camp  by  catching  i-ain  in 
a  tin  bucket  and  correcting  for  difference  in  area  between  top  and  bot- 
tom of  bucket.  The  observed  rainfall  on  August  4  and  August  5 
amounted  to  about  1.75  inches.  The  water  in  the  various  test  wells 
rose  by  the  following  amounts  between  August  4  and  August  6:  Test 
well  No.  1,  0.17  foot,  or  2.02  inches;  te^t  well  No.  2,  0.29  foot,  or3.48 
inches;  and  test  well  No.  3,  0.30  foot,  or  3.60  inches.  If  we  assume 
that  the  soil  bad  a  porosity  of  33^  per  cent,  these  obsei-ved  changes 
in  the  level  of  the  water  plane  are  equivalent  to  actual  increments  of 
0.7,  1.16,  and  1.2  inches,  respectively.     These  amounts  will  average 
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"0.  U.—Elevation  of  water  in  Arkansas  River  and  te^t  wells  at  Deerfleld,  Kans.,  August  4  to  14, 
^*H.  Test  well  No.  1  is  1,100  feet  south  of  stream.  Test  well  No.  2  is  1,780  feet  south  of  stream. 
Tttt  well  No.  8  ifl  1,100  feet  from  stream  and  1,000  feet  from  test  well  No.  2. 

*lttiost  exactly  60  per  cent  of  the  rainfall  for  the  two  days,  August  4: 
^^  August  5,  1904.  This  result  gives  very  direct  proof  of  the  excel- 
lent quality  of  the  catchment  area  furnished  by  the  sandy  bottom  lands 
on  the  south  side  of  the  river  at  Deerfield. 


EVAPORATION  EXPERIMENTS  NEAR  DEERFIELD. 

^e  table  of  meteorological  data  below  has  value  in  showing  that  a 
WBisiderable  amount  of  stored  ground  water  is  lost  in  the  first  bottoms 
of  Arkansas  River  by  evaporation.     Although  these  measurements  i 
extend  over  only  a  very  brief  period,  they  are  sufficient  to  establish  * 
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the  fact  that  the  loss  of  ground  water  by  evaporation  is  about  ten 
times  Bs  great  where  the  water  is  within  1  foot  of  the  surface  of  the 
ground  a«  it  is  where  the  water  lies  at  a  depth  of  3  feet.  The  pump- 
ing plants  that  materially  lower  the  ground  water  in  the  bottom  lands 
will  thus  save  a  considerable  amount  of  water  that  now  goes  to  waste 
in  evaporation  and  in  supplying  the  rank  growth  of  wild  grasses  tliat 
flourish  in  the  first  bottom  lands.  It  is  safe  to  say  that  .this  sa^Ue 
loss  amounts  on  the  average  to  a  foot  of  water  for  each  acre  of  fest 
bottoms  for  the  months  of  July  and  August  alone. 

The  following  is  a  record  of  observations  of  evaporation  from  ihred 
tanks  filled  with  natural  soil  in  which  the  water  plane  was  kept  at  ik 
constant  depth,  compared  with  the  evaporation  from  a  tank  of  open. 
water.  The  tanks  were  located  in  the  bottom  lands  of  Arkansaa 
Valley,  near  the  head  gates  of  the  Farmers'  ditch.  The  soil  is  a  sandy 
loam  changing  to  coarse  sand  at  a  depth  of  about  3  feet. 

Meteorological  records  at  Deerfield,  Kans.,  from  July  S  to  September  8^  1905. 


Week  of— 


July  8-9" 

July  9-16 

July  16-23 

July  23-30 

July  30-Aug.  6.. 

Aug.  6-13 

Aug.  13-20 

Aug.  20-27 

Aug.  27-Sepl.  3 . 
Sept.  3-8a 


Rain- 
fall in 
inches. 

Vapor 
pres- 
sure. 

Per  cent 

of 

relative 

humid-- 

ity. 

0.11 

0.0 

.440 

47.3 

0.08 

.482 

50.2 

1.24 

.560 

61.2 

1.60 

.568 

63. 9 

0.38 

.478 

54.8 

0.05 

.530 

57.3 

0.0 

.520 

49.3 

0.03 

.395 

41.4 

0.71 

.489 

60.4  1 

Velocity 
of  wind 

in 
miles. 

Evaporation  in  inchee. 

Open 
water. 

1  foot  to 
water, 
soil 
culti- 
vated. 

1  foot  to 

water; 

soil 

unculti- 
vated. 

2  feet  to 
water. 

3  feet  to 
water. 

16.50 
15.89 
16  13 

0.13 

0.13 

9  KK 

0.2S 

19.78        2  39 

1.40 

12  05        1-80 

0.06 

13  62 
'     13.26 
19.58 
17.19 
14.  .M 

2.45 
2.22 
3.04 
3  19 
1.21 

1,48 
1.34 
1.14 
0.92 
0.70 

1.78 
1.21 
1.38 
1.61 
0.87 

0.66 
0.60 
0.49 
0.49 
0.60 

0.43 
0.17 
0.06 
0.12 
0.04 

a  Week  Incomplete. 


CHAPTER  III. 


CHEMICAIi    COMPOSITION    OF    THE    WATERS    OF    THE 

UNDERFL.OW. 

Chemical  tests  of  the  ground  waters  were  made  wherever  possible 
luring  the  process  of  the  work.  Portable  ^.old  apparatus  was  at  hand 
^hich  could  be  used  in  making  a  few  simple  tests.  The  determina- 
tions made  included  titrations  for  chlorine,  alkalinity,  and  hardness. 
Total  solids  were  determined  by  means  of  the  Whitney  electrolytic 
bridge.  The  curve  of  total  solids  used  in  this  case  was  obtained  by 
evaporating  a  sample  of  water  containing  95.9  parts  per  100,000  total 
solids.     The  results  of  the  test  are  brought  together  in  Table  11,  and 

the  curve  used  for  the  determination  of  the  total  solids  is  printed  as 

fig.  15  (p.  47). 

Table  11. — AncUyses  of  ground  water  in  the  Arkansds  VaUeyf  westeni  Kansas. 
WEST  OF  GARDEN,  KANS. 


Date. 


!  Chlorine 
(parte  per 
I  100,000). 


1904. 
J'Weie.... 
June  20..., 
Jnn€28.... 

^o'yii.... 

July  6 

Jaiys 

June  28.... 

June  21..., 
June  20... 

June  18... 

Do 

July  9. 

%« 

Do.... 


4.61 


6.31 
5.85 

21.7V 
8.10 
8.51 

11.00 
8.51 


June  16.. 
June  16.. 

Do..! 
June  20., 

Do... 
June  28.. 
Jane  as.. 


6.72 
4.96 
6.00 
3.05 
2.70 
1.67 
4. 59 
5.42 

13.50 
12.80 
9.60 

21.  ao 

6.72 
18.12 
11.00 


Alkalin- 
ity as 
CaCOa 
(parte  per 

100,000). 


14.0 


31.0 

13. 75 

22.9 

16.5 

19.0 

22.0 

17.0 

24.5 

15.0 

20.0 

16.1 

11.4 

12.9 

11.9 

14.7 

20.4 

23.0 
19.5 
22.0 
20.5 
17.5 
24.0 
20.0 


Degree 
of  hard- 
ness 
(parte  per 
100,000). 


21.35 


30.9 
49.1 
25.3 


34.7 

37.6 

33.9 

38.65 

43.20 

40.51 

39.5 

13.9 

21.6 

14.6 

38.5 

88.8 

53.5 
47.9 
48.0 
48.0 
86.0 
39.1 
39.5 


Total  I 

sotidH      Temper-  j  Depth  of 
(parts  per    aturv.     i     well. 
100,000).  i  ' 


Location. 


°F. 


Fed. 


93 
105 
49 
33 
119 
127 
113 


71.0 

67.0 



88.0 
55.0 

10 

68.0 

9 

48.0 

•28 

51.0 

17 

58.5 

17 

5'2. 0  ! 


121  ; 

37 

32  ; 

36  I 
106  i 


52.0  i 
52.0  \ 
55.0  I 
53.0  I 
55.0  I 


114 

52.0 

59.0 
62.5 
60.0 
52.0 

121 
126 

15 
15 
32 
32 

58 
48 
56 
30 
16 

5 
5 
3-1 
8-4 
3-4 
3-4 
12 


I  River  water. 

Do. 

Do. 

Do. 
Windmill  .south  of  river. 
Station  12. 
Station  8. 
Station  10. 
Station  4. 
Station  2. 
Stetion  1. 
Station  3. 
Station  6,  well  A. 

Do. 
Station  6,  well  B. 

Do. 

Station  11. 

Mrs.   Richter'a    well   at 
camp. 

Do. 

Do. 
Test  well  No.  1. 

Do. 
Test  well  No.  8. 

Do. 
New  well  (camp). 

45 
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Table  11. — Analyses  of  ground  loaler  in  the  Arkansas  Valley,  loeslem  Kansas — Cc 
WEST  OF  GARDEN,  KAN8.— GonUnued. 


Date. 

Chlorine 

Alkalin- 
ity as 
CaCOa 

Degree 
of  hard- 
ness 
(parts  per 
100,000). 

39.9 
43.7 

10  7 

Total 
BoUds 

Temper- 
ature. 

Depth  of 
well. 

LocaUon. 

1904. 
June  16 

8.88           19.5 

<>/•. 

Feet, 
12 
14 

New  well  (camp) 

Do 

10.62 
.78 

.67 
2.06 

4.2 
2.1 
5.1 
4.1 
3.4 
11.4 
17.6 
1.2 

22.5 
13.1 

Station  1. 

July  7 

6 

6 
35 

86 
57 
119 
102 
68 
76 
160 
26 

65.0 
57.0 

Sandhills,  secSC 

Do 

13.6    1        11.2 
19. 9    1        'A'i-  fi 

8.,  R.  34  W. 
Do. 

September  22 . . 

1905. 
.Taniiary  24  ... . 

16 

26 
20 
40 
36 
a  18 
115 
35 
aSO 

Sec.  2,  T.  28  8.,  R. 

19.2 
11.4 
18.0 
20.5 
18.1 
19.2 
22.7 
18.5 

.'i3.3 
31.1 
82.0 
31.2 
27.9 
39.3 
45.9 
21.3 

Poor  farm. 

Do 

ShulU. 

Do 

L,  C.  Working. 

Do 

A.  Robinnon. 

Do 

Foreman. 

Do 

Faye. 

Do 

M.  McClurken. 

Do 

Frank  Kolbus. 

GARDEN,  KANS. 


1904. 

! 

September  22.. 

0.92  1 

14.1 

2.'».  6 

Ifr 

180 

Atchison,  Topek 
Santa  Fe  R.  R. 

Do 

.85  1 
3.96 

15.9 
20.3 

80.0 
69.2 

16 
80 

110 
16+40 

Charter's  well. 

Do 

City  waterworks 

1905. 

January  24 

1.6 

18.8 

29.5 

42 

78 

S.  L.  Leonard. 

SHERLOCK,  KANS. 


1904. 

July  16 

July  22 

July  16 

July  19 

July  16 

July  26 

July  18 

July  21 

July  30 

July  22 

Do 

July  23 

July  16 

Do 

July  16 

July  27 

Do 

July  19 

Do 


J 


September  22 . . 

L 


1.04 

3.85 

.89 

.50 

.58  , 

1.10, 

3.62 

2.46  ' 

4.61  ' 

4.58  i 

4.a'>  i 

5.20  I 

3.47, 

5.10 

5. 18  I 

4.97  \ 

4.90 

.96  ' 

.17  I 

2.24 


13.20  . 
13.90 
21.20  ' 
17.50  ' 
21.50  I 
17.85  I 
16.75  I 
21.30  I 
19.45  I 
15.90 
15.90 
17.45 
14.  (y> 
15.75 
15.50 
15.25  i 
16.25  i 
16.85  I 
19.00  I 
21.30  I 


27.70 
37.90 
13.09 
4.64 
2.38 
26.20 
27.30 
28.10 
44.70 

\o.m 

42.90 
46.30 
30.00 
31.10 

48.5 
50.6 
20.0 
25.9 
29.9 


73.0 
74.0 
27.0 
30.0 
56.0  I 
42.0  I 
35.0  I 
55.0  I 
83.0  I 
80.0 
78.0 

104.0 
93.0 
97.0 

107.0 
96.0 
97.0 
21.0 
37.0 
44.0 


71.0 
73.0 
63.0 
58.5 
60.0 
56.0 
57.0 
.'i6.2 
65.0 
.t6.0 
57.0 
53.0 
57.7 
55.0 
54.0 
.55.5 
57.5 


40 


River  water. 

Do. 
Test  well  No.  6. 
Station  16. 
Te«twellNo.4. 
Station  20. 
Station  15. 
Station  17. 
Near  station  17. 
Station  18. 

Do. 
Station  19. 
Station  14. 

Do. 
Station  13. 
Station  21. 
Station  22. 
Sec.30,T.24S.,R. 
Sec.20,T.24S.,R. 
Sec.  80,  T.  22  8.,  R. 


a  To  water. 
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11. — Analyses  of  grouhd  water  in  the  Arkansas  Valley,  western  Kansas — Cont'd. 
DEERFIELD.  KAN8. 


I 

,  Chlorine 
(parts  per 
,  100,000). 


AJkalin- 

ityas 

CaCO, 

(parti  per 

100,000) 


Degree 
of  hard- 
ness 


1 


iber22..  1.49 

;6 •  2.60 

:10 2.45 

:9 1  5.00 

.4 7.60 

6.64 

:8 5.11 

;4 '  8.61 

t5 !  6,32 

6 5.39 


15.1 
14.7 

17.7 
15.7 
16.2 
15.3 
16.0 
17.7 
15. 5 
16.7 


31.2 
28.9 

32.7 
51.2 
55.2 
57.0 
48.4 
65.9 
44.4 
48.3 


Total 
solids 


22.0 
49.0 

74.0 
95.0 
117.0 
114.0 
90.0 
117.0 
108.0 
106.0 


Temper- 
ature. 


Depth  of 

well. 


66.0  ' 


60.0 
56.0 
59.5 
58.0 
57.0 
59.6 
59.0 
57.0 


Fut. 
10 

24 

12 
24 
12 
25 
37 
6 
21 
16 


Location. 


I 


KE.  quarter  sec.  26,  T.  24 
8.,  R.  35  W. 

SW.  quarter  sec.  24,  T.  24 
8.,  R.  36  W. 

Near  station  28. 

Station  27. 

Well  at  ciaxnp. 

Station  28. 

Station  26. 

Test  well  No.  1. 

Station  24. 

Station  16. 


\ 

' 

1 — 

k 

1 

^^ 

V 

\ 

s 

s 

^ 

Si^ 

, 

^ 

^ 

^ 

V 

S 

^ 

^ 

"H 

^ 

::^ 

^_^ 

:zz 

2^ 

^^^ 

I^ 

. 

*^h 

W   H 

r  u 

r^ 

9-lf$ 

*"-73 

^—/i 

a    ifo 

fl— E 

Cr     /AS 

?«   /A 

Of  yw 

H     fS 

OO   '« 

»  *?t 

W4#V 

rcr  ^ 

V  f  0< 

w 

•  ^MJunre  for  Whitney  electrolytic  bridge  used  in  converting  rej»istance  in  ohms  into  total 
solids  for  ground  watern  of  ArkannaM  Valley. 

A  comparison  of  the  results  of  the  tests  at  various  stations  shows  a 
irked  decrease  in  the  (luantity  of  dissolved  solids  in  the  water  with 
s^iepth  at  which  the  sample  was  taken.  In  forcing  down  test  wells 
almost  any  point  in  the  bottom  lands  of  Arkansas  River  the  increas 
f  softness  of  the  water  can  be  noted  almost  from  foot  to  foot.  At  a 
Miderable  depth,  say  from  60  to  100  feet  or  more,  there  are  found 
ters  which  are  popularly  called  in  this  region  '* second"  or  "third" 
ters,  which  are  very  much  softer  than  the  water  obtained  from 
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shallow  wells.  At  points  located  in  the  sand  hills  south  of  the  rive 
there  are  pliu^es  where  shallow  wells  furnish  water  much  softer  tha. 
the  so-called  second  or  third  waters  found  in  the  vicinity  of  Gardec 

The  total  solids  in  the  ground  water  determined  at  wells  in  the  firs 
camp,  2  miles  west  of  Garden,  varied  from  121  parts  per  100,000  fo 
water  taken  4  feet  below  the  water  plane  to  103  parts  per  100,000  fo 
water  taken  at  <3  feet,  and  SO  parts  per  100,000  for  water  taken  at  1- 
feet.  Water  taken  from  the  railroad  well,  130  feet  deep,  at  Grarden 
showed  total  solids  of  16  parts  per  loO,000.  Water  in  the  sand  hilL 
south  of  the  river  at  a  depth  of  9  feet  showed  33  parts  per  100,00i 
total  solids,  and  another  well,  deeper,  but  of  unknown  depth,  showe< 
6  parts  per  100,000  total  solids.  The  tendency  of  the  ground  watei 
near  the  surface  in  the  bottom  lands  of  the  river  to  run  high  in  solid 
seems  to  indicate  that  this  increased  hardness  is  due  to  the  loss  of  th' 
ground  Avater  by  evaporation.  The  water  plane  in  these  bottom  land 
lies  close  to  the  surface  of  the  ground  and  is  subject  to  frequent  flu< 
tuations  due  to  rain  and  changes  of  conditions  in  the  river  itsel- 
These  changes  are  sufficient  to  a<*count  for  a  large  excess  of  dissolve 
solids  in  the  surface  waters,  and  it  is  believed  that  no  other  explan: 
tion  is  nec;essary.  As  the  ground  wat^n*  uioves  downstream,  the  vai 
ous  filaments  of  moving  water  must  thread  themselves  around  tl 
grains  of  sand  and  gravel,  continually  dividing  and  subdividing  tl 
water  as  it  moves  through  the  capillary  pores.  The  effect  of  this  actic 
is  to  slowly  work  the  concentmted  water  near  the  surface  down  i 
greater  depths,  forming  a  ground  water  of  gmduated  strengtl 
Every  layer  of  silt,  clay,  or  other  impervious  material  which  possessi 
a  considemble  area  acts  as  a  i)artition,  separating  the  moving  groun 
water  into  layers  which  do  not  mix,  except  where  the  impervioi 
strata  give  out.  This  results  in  layers  of  water  of  distinct  diflferenc 
in  total  solids,  which  are  locally  known  as  '"first,"  ''second,"  an 
''third"  water,  etc. 

In  the  following  tiible  (Table  12)  the  various  samples  of  grout 
water  are  classitied  by  depth  of  the  wells,  and  the  averages  of  the  di 
ferent  determinations  are  tabulated.  From  this  arrangement  a  cor 
parison  is  i>ossiblc  between  the  waters  of  different  depths,  in  whi< 
the  errors  due  to  special  peculiarities  of  particular  wells  are  part 
eliminated.  Some  of  the  well  water  taken  from  stock  or  domesi 
wells  showed  marked  pollution,  but  all  such  samples  have  be 
included  in  the  table. 
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Table  12.— Quality  of  g;round  icaUr  in  Arkansas  River  Vaileyf  as  deUnnined  from  the 
averages  of  classified  samples. 


CluHification. 


W«llii  nnder  10  feet  deep: 

Aren^e  of  1 1  saoa  plea 

PioUiblc  error 

Enw per  cent.. 

Welb  10  to  20  feet  deep: 

Arenf^e  of  18  samples 

Probable  error 

Enof percent.. 

Wells  20  U)  30  feet  deep: 

ATeraf e  of  14  Ramples 

Plobtble  error 

Error per  cen  t . . 

td]8»  10  « feet  deep: 

ATenge  of  10  sampleH 

Probable  error 

taw per  cent. . 

WdlHOtoTOfeetdeep: 

ATerage  of  6  taunplen 

Probable  error 

Error percent.. 

Wells  over  70  feet  deep: 

Aveia^  of  4  samples 

Probable  error 

Enor percent.. 

8mh1  hills  welh: 

Arerage  of  9  samplefl 

Probable  error 

Error percent.. 


Chlorine 
(parts  iier 
100,000). 


10.32 
1.45 
14.05 

7.77 
.K29 
10.66 

4.96 

.335 

6.76 

4.62 
.397 

8.60 

2.47 

.28 

11.33 

1.12 
.160 
14.29 

1.24     I 
.222  I 
17.9 


Alkalinity 
CaCOa 

(par--- 


olZ!^\     Total    ; 
n^  '    xolids     Tempera. 


20.  »4 

.434 

2.08 

18.55 

.520 

2.80 

16.28 

.251 

l.M 

17.62 

.862 

4.89 

12.07 

.298 

2.47 


38.63 
8.76 


40.13 
1.321 
3.30 

40.95 
1.989 
4.86 

38.00 
2. 312 
6.08 

16. 70 
1.659 
9.93 


16.27 

28. 37 

.921 

.939 

5.67 

3.31 

16.41 

18.21 

.5JS7 

2. 32 

"^  F. 

75.80 

60.50 

10.47 

.735 

13.83 

1.21 

96.73 

56.15 

4.87 

.795 

5.04 

1.42 

91.00 

55.50 

5.162 

.552 

5.68 

.995 

92.75 

55.05 

9.5 

.74 

10.23 

1.34 

35.00 

53.3:^ 

1.031 

.596 

2.95 

1.12 

24. 67 

5.854 

23.7 

26.86 

61. 25 

4.05 
15.06 


1.07 
1.75 


The  above  table  is  not  free  from  objection,  since  tlie  waters  of  the 

first  bottoms,  second  bottoms,  etc.,  have  all  been  ^noiiped  together. 

The  water  in  the  first  bottoms  is  softer  than  that  in  the  second  bottoms, 

owing  to  the  ease  with  which  both  the  rainfall  and  the  softer  water 

from  the  river  contribute  to  its  supply.     In  Table  13  all  wells  north  of 

the  river,  less  than  40  feet  in  depth,  have  Ix'cn  classified  as  lirst-bot- 

toni,  second -bottom,  and  upland  wells,  and  the  averages  of  the  various 

groups  have  been  taken. 

IRB  153—06 4 
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Table  18. — (Quality  of  ground  water  in  wells  north  of  Arkansas  River  VaUey  and  less  ihim 
40  fed  in  depths  as  determined  from  the  m^erages  of  classified  samples. 


Clawdflcation. 


Chlorine 


Alkalinity 
CaCOs 

(parts  per 
100,000). 


Decree  of 
hardnesH 


Total 

solids    Tempem- 
(parUiperi     tore. 
100,000).  I 


First-bottom  wells: 

Average  of  38  samples 

Probable  error 

Error percent. 

Second-bottom  wells: 

Average  of  7  samples 

Probable  error I 

Error per  cent.  .1 

Upland  wells: 

Average  of  3  samples ./. 1 

Probable  error i 

Error per  cent. . ; 


6.86 

.447 

6.52 

4.04 
.280 


1.83 
.216 
11.8 


18.18 
.809 

1.7 

18.27 
.819 
4.48 

19.90 
.545 
2.74 


42.81 
1.672 
3.91 

47.64 
5.40 
11.3 

76.80 
1.678 
2.18 


93.75  I 
8.818  I 
3.54    ' 


85.0 
3.5 
10.0 


89.43  «.• 
5.938  (•) 
6.65    I 


a  One  observation. 


/ 


CHAPTER    IV. 

ORIGIN  AND  EXTKNT  OF  THE  ITNDERFIiOW. 

ORIGIN. 

The  investigations  which  have  been  explained  in  the  preceding  pages 
this  report  indicate  that  the  water  of  the  Arkansas  underflow  has 
\  main  source  in  the  rainfall  upon  the  sand  hills  soutt  of  the  river 
id  upon  the  bottom  lands  and  uplands  north  of  the  river. 
The  average  annual  rainfall  in  the  vicinity  of  Garden  is  about  20 
ches.  A  very  large  portion  of  this  passes  into  the  level  and  porous 
il,  so  that  the  actual  contribution  to  the  underflow  must  be  consid- 
able.  As  previously  stated  in  this  paper  there  is  a  ground  water 
strict  along  the  river  that  remains  lower  than  the  river,  whether  the 
me  be  flowing  or  not,  in  which  region  the  rise  in  the  ground  water 
'ter  a  rain  is  more  than  can  be  accounted  for  by  the  localized  pre- 
pitation.  This  fact  indicates  not  onl}^  that  the  underground  drain- 
je  at  this  point  is  contributed  to  by  rainfall  on  distant  catchment 
reas,  but  that  the  underflow  constitutes  a  separate  drainage  system 
rhich  is  more  than  suflScient  to  take  care  of  the  rainfall.  Determina- 
ions  made  in  the  sandy  flats  south  of  the  river  at  Deerfield  (see  Chap. 
I)  show  that  the  rise  in  the  water  plane,  observed  after  a  rain 
k)nn,  amounts  to  as  much  as  60  per  cent  of  the  water  that  fell.  This 
ict  verities  what  is  quite  obvious  to  a  careful  observer,  that  there  is 
0  run-off  from  the  lands  adjacent  to  Arkansas  River  in  the  region 
nder  discussion. 

The  total  depths  of  the  deposits  of  sand  and  gravels  at  Garden  is 
>t  known  very  exactly.  A  deep  well  was  sunk  at  Garden  in  1888, 
hich,  according  to  a  partial  log  printed  in  the  local  newspaper, 
lowed  that  rock  was  reached  at  a  depth  of  811  feet.  Every  indica- 
on  drawn  from  the  behavior  of  the  ground  water  shows  that  the 
ravels  must  extend  to  a  considerable  depth,  so  that  it  is  safe  to  assume 
lat  the  well  log  just  referred  to  gives  a  correct  notion  of  the  depth  to 
pck.  However,  as  one  approaches  the  western  boundary  of  Kansas, 
»d  rock  comes  near  the  surface,  which  fact,  even  if  no  other  evidence 
ere  at  hand,  would  show  that  no  portion  of  the  ground  water  could 
iginate  in  Colorado.  The  former  popular  belief  in  a  Colorado  source 
!  the  ground  water  has  practically  disappeared,  although  a  few  settlers 
ill  adhere  to  it.  During  the  summer  of  1904  one  resident  of  Finney 
ouDty  informed  the  writer  that  the  water  in  his  well  was  invariably 
»ly  after  a  rain  storm  during  the  preceding  night  in  Colorado.  This 
»rresponds  to  nearly  passenger-train  speed  for  the  flow  of  ground 
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water.  The  story  may  be  regarded  as  about  the  sole  surviving  gha 
of  the  numerous  extravagant  beliefs  which  were  formerly  cum 
among  the  settlers. 

The  region  near  Garden,  Kans.,  is  peculiarly  the  area  propeii[ 
called  the  High  Plains.  The  land  is  level  and  completely  covered  i 
its  natural  condition  with  a  short  compact  sod  of  buffalo  grass.  Johfl 
son  and  other  writers  on  this  region  have  remarked  the  complete  hd 
of  run-off  from  this  portion  of  the  plains  area.  The  precipitatia 
falls  mostly  during  the  simimer  months  and  is  sufficient  in  amount  i 
maintain  a  luxuriant  sod,  which  not  only  protects  the  soil  against  ere 
sion,  but  prevents,  by  the  obstruction  offered  by  the  grass,  the 
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Fig.  16.— Elevation  of  water  nurface  of  Arkansiuj  River  at  Sherlock  Bridge,  compared  with  ralnft 

reconl  at  Garden,  Kans. 


of  the  water  in  flowing  torrents.  In  consequence  the  rainfall  is  con 
plotely  tiiken  care  of  by  absorption  into  the  ground  and  by  evaporatic 
and  use  by  the  vegetation.  Eastward  from  the  High  Plains  regie 
rainfall  is  greater,  and  the  sod  is  not  able  to  prevent  the  formation* 
rills  and  eroded  channels,  so  that  much  of  tlie  wat^er  inins  off  into  su 
face  streams.  Westward  from  the  High  Plains  district,  as  Colorado 
approached,  the  rainfall  decreases  and  in  consequence  vegetati 
becomes  so  scant  that  it  is  not  able  to  protect  the  surface  of  t 
ground  from  erosion  even  from  a  diminished  rainfall.  Hence  it 
that  both  to  the  east  and  west  of  the  High  Plains  there  is  a  mark 
run-off,  but  in  the  plains  district  proper  the  rains  are  disposed  of 
absorption. 
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5  above  facts  are  well  shown  by  the  results  previously  discussed 
8  paper.  The  summer  of  1904  was  one  of  unusually  ample  rain- 
n  the  plains,  and  many  floods  caroo  down  the  river.  The  river 
^refully  watched  by  the  field  party  and  ha  elevation  noted. 
16  and  17  show  the  elevation  of  the  river  at  Sherlock  and  Deer- 
bridges,  respectively,  compared  with  the  rainfall  at  Garden.  A 
ir  diagram  for  camp  1,  near  (larden,  is  given  in  fig.  10.  A  study 
ese  diagrams  shows  pi'actically  no  influence  of  the  j-ainfall  upon 
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—Elevation  of  water  surface  of  ArkaiiNis  Rivt-r  at  J>eerllol(l  Brldi^c.  oonijNired  with  minruU 
record  at  Garden,  Kiins. 

Team.  Many  of  these  i*ains  extended  into  Colonido,  where  they 
the  cause  of  floods  that  showed  themselves  at  the  camps  in 
ti8  many  hours  after  the  rain.  Tims  we  have  ample  evidence  of 
n-oflf  from  the  country  between  Garden  and  Ueerfield,  and  at  the 
time  have  proof  of  a  considerable  run-otf  from  the  watershed 
"d  the  western  limit  of  Kansas  and  in  C'olorado. 
3  few  instances  in  which  small  surface  streams  are  formed  near 
dorado  line — like  the  plains  streams  known  as  Bear  Creek  and 
e  Woman  Creek — are  no  exception  to  the  statement  above  that 
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Table  11. — Analyaes  of  ground  water  in  the  Arkansas  Valley^  %oesUm  Kansas — 0 
WEST  OF  GARDEN,  KAN8.— Ck>ntlnued. 


Date. 

Chlorine 
(partsper 
100,000). 

Alkalin- 
ity as 
CaCO, 

Degree 
of  hard- 
new 
(partsper 
100.000). 

89.9 
43.7 
in  7 

Total 
solids 

Temper- 
ature. 

Depth  of 
well. 

Location. 

1904. 
June  16 

8.88 

10.62 

.78 

.67 
2.06 

4.2 
2.1 
5.1 
4.1 
3.4 
11.4 
17.6 
1.2 

19.5 
22.5 
13.1 

«/•. 

12 
14 

New  well  (camp 

Do 

Station  1. 

July  7 

6 

6 
35 

86 
57 
119 
102 
68 
76 
150 
26 

65.0 
57.0 

Sandhills,  sec. 3 

Do 

13.6    1        11.2 

19.9    !        25.6 

1 

I 
19.2    i        53.3 
11. 4     1        JH- 1 

S.,  R.  34  W. 
Do. 

September  22 . . 

1905. 
January  24  . . .. 

16 

26 

20 

40 

36 

a  18 

116 

85 

aSO 

Sec.  2,  T.  28  8.,  K 

Poor  farm. 

Do 

Shultz. 

Do 

18.0 
20.5 
18.1 
19.2 
22.7 
18.5 

82.0 
31.2 
27.9 
39.3 
45.9 
21.8 

L.  C.  Working. 

Do 

A.  Robinson. 

Do 

Foreman. 

Do . . . 

Faye. 

Do 

M.  McClurken. 

Do 

Frank  Kolbus. 

1904. 
September  22 . . 


GARDEN,  KANS. 


Do. 
Do. 


1905. 
January  24  . 


U.92  I 
3.96  ' 


14.1 

16.9 
20.8 


30.0 
69.2 


29.6 


16- 


16 
80 


42 


180 

110 
16+40 


Atchiaoxi,  Topel 
Santa  Fe  R.  R 

Garter's  well. 

City  waterworks 


78    S.  L.  Leonard. 


SHERLOCK,  KANS. 


1904. 

July  16 

July22 

July  16 

July  19 

July  16 

July  26. ...... . 

July  18 

July21 

July30 

July  22 

Do 

July23 

July  16 , 

Do 

July  16 

July27 , 

Do 

July  19 

Do 

September  22 . . 


4.04 

3.85 
.89 
.50 
..=>8  I 

1. 10  ; 

3.62  ' 
( 
2.46 

4.61  I 

4.58  I 

4.  ft*)  j 

5.20  j 

3.47  I 

5.10  ' 

5.18  I 

4.97 ; 

4.90 
2.24 


13.20 
13.90  ' 
21.20 
17.50  ' 
21.50  \ 
17.85  I 
16.75  I 
21. 30  i 
19.45  ! 
15.90  ' 
15.90  I 
17.45 
14.65  , 
15.75  , 
15.50  I. 
15. -25  I 
16.25  I 
16.85 
19.00  I 
21.30  i 


I 


27.70 
37.90 
13.09 
4.64  j 
2.38  i 
26.20  I 
27.30  1 
28. 10  j 
44.70 
40.60  ; 
42.90  , 
46.30  I 
30.00  I 
31.10  I 


I 


48.5 
60.6    I 
20.0    I 
25.9    I 
29.9 


73.0 
74.0 
27.0 
30.0 
56.0 
42.0 
35.0 
55.0 

83.0 ; 

80.0  I 
7H.0  I 

IW.O  ' 
93.0  ] 
97.0  I 

107.0  I 
96.0 
97.0 
21.0 
37.0 
44.0 


71.0 
73.0 
63.0 
58.5 
60.0 
56.0 
67.0 
56.2 
65.0 
56.0 
57.0 
53.0 
57.7 
55.0 
54.0 
55.5 
57.5 


River  water. 
Do. 

Test  well  No.  6. 

Station  16. 

leni  well  No.  4. 

Station  20. 
22  I  Station  15. 
36  I  Station  17. 
10  i  Near  station  17. 
22  '  Station  18. 
14  I  Do. 
20  1  Station  19. 
18 
22 
1« 
28 
28 


i 


40 


Station  14. 

Do. 
Station  13. 
Station  21. 
Station  22. 
Sec.30,T24S.,R 
Sec.20,T24S.,R 
Sec.  80,  T  22  8.,  R 


a  To  water. 


CHAPTER  V. 

8UMMAKY  OF  TE8T8  OF  SMALiIi  PUMPING  PliANTS  IN  THE 
ARKANSAS  VALiIiEY. 

GENERAL  RESULTS. 

Table  14  shows  the  results  of  tests  of  a  number  of  pumping  plants 
used  for  irrigation  in  Arkansas  Valley  between  Garden  and  Lakin, 
Kans.     Most  of  the  entries  in  the  table  explain  themselves. 

The  fuel  used  in  most  of  the  plants  is  gasoline,  the  current  price  of 
which  during  the  summer  of  1904  was  22  cents  a  gallon,  a  cost  that  is 
almost  prohibitive,  even  when  pumping  water  from  the  most  excellent 
wells  found  in  the  valley. 

Table  14. — Tests  of  small  pumping  plants,  Arkansas  VaUey,  Kansas, 


Owner  of  plant. 


D.  H.  Logan 

]fn.M.Rteht«r  . 
C.E.  Sexton 


KaUukn  Folmer. 

J.M.Boot 

King  Bros 

Waterworks 

I.  la.  Diesem 

UK.  Smith 

H.  B.  Holc<Mnb.. 
H-8.  Kipp 


J.  B.  HcKinnej. 


Location. 


Garden,  Kans. 

do 

do 


Lakin,  Kans . . 

do 

Garden,  Kans. 

do 

do 

do 

Sherlock,  Kans 
Garden,  Kans. 

do 


Kind  of  pump. 


No.  3  centrifugal 

Menge 

2  vertical  6  by  IG  cyl- 
inder. 

Chain  and  bucket 

do 

No.  4  centrifugal | 

2  duplex  steam i 

No.  4  centrifugal \ 

No.  3  centrifugal j 

No.  14  centrifugal j 

2  horizontal  6   by  5  | 

cylinders.  1 

No.  4  centrifugal j 

a  Price  per  ton. 


Horse- 
power 
of  en- 
gine. 


G 
10 


7 ;. 

2i'. 
14 


Fuel  used. 


Gasoline. 

do... 

do... 

do... 

.do... 


6 


f^u'il  D?r  Total 


$0.22 
.20 


.21 


Feet. 
22.1 

ir>.  5 

15.  OG 

17.0 
15. 8 
03. 0 


GuHoline. 
do... 


80  j  CamX I 

3Jj  GasDline..; 


.  12f 

•m 

«4.00 

.124 


I 


22. 13 
17.00 
23.0 
21.7 


6  1 do....i        .121       21.47 
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Tablr  14. — Tests  of  smaU  pumping  plarUSy  Arhansas  Valley t  /Tarwcw-r-Continued. 


Owner  of  plant. 


D.H.Logan 

Mr8.M.Rlchter.. 

C.  E.  Sexton 

Nathan  Palmer. . 

J. M. Root 

King  Bros 

Waterworks 

1.  L.  Diesem 

L.  E.  Smith 

H.  B.  Holcomb  . . 

H.  S.  Kipp 

J.  R.  McKinney . 


Distance 
water  is 
lowered 


Feet. 
6.85 
5.3 
3.0 
6.35 
4.16 
20.3 
5.4« 
6.72 
2.16 


2.83 
9.39 


YieW  of 
well  per 
minute. 


Gallons. 
272 
3»1 

91 
540 
215 
183 
290 
363 
198 
2,300 

96 
420 


10 

Specific 
capacity 
of  well 
per  min- 
ute. 


Oallons. 
42.2 
73.0  ^ 
30.3 
85.0  ' 
51.7 
9.0 
77.0 
54.0  I 
91.6  I 
240.0  I 
34.0  I 
50.0  I 


.\reaof  per-| 
colating  or 
strainer    ' 
surface. 


Sq.  feet. 
107.0 
266.5 

57.2 
334.0 
210.0 

85.0 
247.0 
151.0 

70.7 
1,876.0 

45.3 
116.0 


!          12 

13     . 

14 

!    Specific 
,  capacity 

istrainer  per 
'    minute. 

Cost  of  fuel 
per  acre- 
foot  of 
water. 

Ooit«l      .^ 
fQeli«-.T« 

,    CfaUotis. 

0.894 
1             -27 
'             .53 
'             .254 
.246 
;             .106 
1             .31 
'             .356 

1.290 
1             .128 
'             .75 

1             '^^ 

12.98 
2.90 
3.75 
1.37 
2.78 

2.10 
1.87 
a. 86 
1.09 
1.20 

ir   :  ■ 

a  Including  cost  of  labor  and  lubricating  oil. 


SPECIFIC  CAPACITY. 

The  numbers  in  column  10  express  the  readiness  with  which  the  wett 
furnishes  water  to  the  pump.  The  numbers  in  each  case  were  found 
by  dividing  the  numbers  in  column  9  by  the  corresponding  numbersif^ 
column  8;  these  numbers,  therefore,  express  the  amount  of  water  th0 
well  would  furnish  if  the  water  level  was  lowered  but  1  foot.  Thes^ 
numbers  constitute  what  the  writer  has  cjdled  the  "'specific  capacity*^ 
of  the  well,  and  are  large  in  the  case  of  a  good  well  and  small  in  the 
case  of  a  poor  well. 

The  water-bearing  gravels  are  usually  from  9  to  15  feet  below  the 
surface  of  the  ground,  and  good  wells  can  be  ver}-  cheaply  constructed. 
There  is  no  quicksand  or  hardpan  or  other  troublesome  material  above 
the  water-l>earing  gravels.  The  well  tubes  or  strainers  are  usually  12 
to  20  inches  in  diameter,  and  are  made  of  slotted  galvanized  iron. 
For  the  most  part  the  wells  are  of  the  very  best  design  and  possess  a 
remarkably  high  specific  capacity;  the  writer  knows  of  few  places 
where  better  ones  can  be  constructed. 

The  usual  construction  consists  of  a  dug  well,  6  to  10  feet  in  diame- 
ter, excavated  several  feet  below  the  level  of  ground  water,  with  a  num- 
ber of  ''feeders'-  or  tubular  wells  penetrating  the  bottom  of  the  welL 
No  better  construction  can  be  suggested  for  small  plants.  The  only 
modification  in  detail  that  seems  likely  to  better  the  present  excellent 
results  would  be  the  use  of  galvanized-iron  strainers  with  larger  slots 
than  are  at  present  in  use.  This  would  be  pnicticable  at  some  of  the 
wells.  Heavy  pumping  would  remove  much  of  the  fine  material  that 
now  remains  in  contact  with  the  present  well  strainers. 
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In  column  12  there  are  given  the  same  magnitudes  as  are  expressed 
in  column  10,  reduced  in  each  case  to  1  square  foot  of  well  strainer. 
The  numbers  in  this  column  express,  therefore,  the  amount  of  water 
in  gallons  per  minute  furnished  by  1  square  foot  of  well  strainer  under 
a  head  of  1  foot  of  water.  They  are  a  numerical  expression  of  the 
degree  of  coarseness  of  the  material  in  which  the  well  is  placed. 

These  numbers  are  almost  the  same  for  all  of  the  well  plants,  when 
proper  allowance  is  made   for  difference  in  construction.     At  the 

I  Richter,  Fulmer,  and  Root  plants,  there  are  large  dug  wells  with  sev- 
eral feeders  in  the  bottom.  The  numerous  feeders  interfere  with  each 
other  somewhat,  keeping  the  specific  capacity  lower  than  it  would 
otherwise  be.  At  the  Logan  and  Sexton  plants  the  construction  is 
different.  The  Logan  well  is  constructed  of  2()-inch  casing,  through 
the  bottom  of  which  are  two  4-inch  fee<lers  extending  20  feet  below 

!    the  bottom  of  the  20-inch  casing.     The  2(>-inch  casing  is  perforated 

(for  10  feet  at  the  bottom.  At  the  Sexton  plant  there  is  a  12-inch 
well  22  feet  deep,  and  a  10-inch  well  31  feet  deep,  both  perfoi-ated 
10  feet  from  the  bottom. 


f 


COST  OF  PUMPING. 

While  the  cost  of  water  at  these  various  pumping  plants  may  at 
first  glance  seem  high,  and  the  results  not  especially  encouraging,  yet 
a  more  careful  inspection  shows  that  the  facts  are  really  highly  favor- 
able. It  must  be  remembered  that  the  cost  of  pumping  is  Imsed  upon 
a22-cent  price  of  gasoline.  This  price  is  almost  prohibitive,  but  for- 
tunately there  exist  several  possible  ways  of  cutting  dow^n  very  mate- 
rially the  cost  of  power,  and  on  this  ix)int  the  following  suggestions 
are  offered: 

In  the  first  place,  the  cost  of  pumping  can  bo  reduced  by  the  use 
of  crude  oil  in  place  of  the  gasoline.     C.'iiule  oil  from  Kansas  fields 
should  be  laid  down  at  Garden  at  from  3  to  4  cents  a  gallon.     The 
:   crude  oil  requires  a  special  device,  which  must  ho  used  in  connec- 
■   fion  with  the  gasoline  engine,  called  a  generator,  in  which  the  crude 
:.  oil,  or  part  of  it,  is  converted  into  a  gas  ])oforo  it  is  lod  into  the  engine 
cylinder.     By  the  use  of  such  a  generator  the  cost  of  fuel  can  be 
lowered  to  a  point  about  equivalent  to  a  5  cents  a  gallon  price  for  gas- 
oline.   The  crude-oil  generators  will  work  i)cst  on  engines  of  12  to  8o 
horsepower. 

If  plants  of  from  20  to  60  horsepower  are  constructed,  as  I  believe 

will  inevitably  be  the  case  in  the  near  future,  the  cheapest  power  will 

probably  be  found  in  the  use  of  coal  in  small  gas-producer  plants  in 

eoonection  with  gas  engines."    These  small  gas-producer  plants  are 

Ju]gfely  automatic  in  action  and  can  be  operated  b}^  anyone.     With  hard 

cobX  or  coke  or  charcoal  at  $8  per  ton,  the  cost  of  power  would  be  less 


F  a  See  test  of  produeer-gai*  plant,  Chapter  VI. 
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than  one-half  cent  per  horsepower  for  one  hour,  or  only  one-fifth  o 
the  cost  of  power  from  gasoline  at  22  cents  a  gallon.  The  writer  antici 
pates  no  difficulty,  therefore,  in  keeping  the  cost  of  water  below  60  ti 
75  cents  an  acre-foot  for  fuel,  or  below  $1.25  to  $1.50  per  acre-foot  foi 
total  expense.  Hundreds  of  such  plants  have  been  put  in  use  in  Eng 
land  during  the  past  ten  or  more  years,  and  they  are  in  charge  o 
unskilled  labor.  These  gas-producer  plants  are  used  in  England  for; 
great  variety  of  purposes,  such  as  power  for  agricultural  machinery 
and  for  small  electric-light  plants  for  country  estates,  etc.  They  an 
used  in  as  small  units  as  5  horsepower. 

In  this  country  the  producer-gas  plants  have  been  in  use  for  seven 
years,  and  at  the  present  moment  they  are  fast  taking  the  place  o 
steam  power  in  new  plants.  The  cost  of  a  producer  plant  and  g& 
engine  is  about  the  same  as  the  cost  of  a  steam  engine  and  boiler  o 
same  size  when  everything  is  included,  but  the  cost  of  power  froii 
the  producer-gas  plant  is  very  much  less  than  that  obtained  from  smd 
steam  engines. 

In  producer  plants,  ranging  upward  from  100  horsepower,  a  style  o 
plant  may  be  installed  in  which  soft  coal  or  lignite  may  be  successfull 
used.  This  still  further  cuts  down  the  cost  of  power.  In  fact,  larj 
plants  of  this  type  furnish  the  cheapest  artificial  power  that  has  y^ 
been  devised.  The  saving  is  not  only  in  fuel,  but  also  in  labor,  as  oi 
man  is  capable  of  running  a  SOO-horsepower  plant. 

That  part  of  the  operating  expense  which  is  properly  chargeable 
fuel  cost  can  be  accurately  determined.  Column  13,  Table  14,  express* 
the  cost  per  acre-foot  of  water  recovered.  In  column  14  is  given  tl 
cost  of  fuel  for  lifting  1,000  gallons  of  water  1  foot.  For  the  purpoi 
of  comparison,  these  results  are  expressed  in  fractional  parts  of  a  cen 
It  should  be  noted  that  the  cost  given  in  the  table  is  based  upon 
22-cent  price  for  gasoline.  There  is  no  doubt  but  that  producer-gi 
plantjj  in  moderate-sized  units  would  enable  irrigation  by  pumping  i 
the  bottom  lands  of  Arkansas  River  to  be  highly  profitable. 

No  allow^ance  has  been  made  for  interest,  depreciation,  and  labo 
These  expenses,  if  included,  would  about  double  the  cost  per  acre-foo 


CHAPTER  VI. 

DETAIIiS  OF  TE8T8  OF   PUMPING  PliANTS. 

TEST  OF  PUMPING  PLANT  OF  D.  H.  LOGAN.  GARDEN.  KANS. 

This  plant  is  located  in  the  northeast  corner  of  sec.  13,  R.  33  W., 
\  24  S.,  and  is  in  the  northwest  corner  of  the  city  of  Garden.  The 
uttit  consists  of  a  6-horsepower  Fairbanks,  Morse  &  Co.  horizontal 
[asoline  engine  connected  by  a  belt  to  a  No.  3  centrifugal  pump.  The 
eell  is  constructed  of  20-inch  galvanized- iron  casing  32  feet  long,  per- 
:orated  10  feet  up  from  the  l)ottom,  inside  of  which  are  two  4-inch 
feeders  28  feet  long,  perforated  their  entire  length,  and  extending  26 
feet  below  the  bottom  of  the  20-inch  casing,  making  a  total  depth  of 
58  feet.  The  pump  has  been  in  operation  since  April,  1902,  and  the 
enpne  since  April,  1903.  The  water  was  measured  by  the  use  of  a 
fully  cont]*acted  weir  with  a  length  of  crest  of  0.66  foot. 

The  engine  was  started  at  9  o'clock  and  the  weir  was  ready  for  water 
at  about  10.30.  The  water  was  turned  on  weir  and  the  head  read  until 
it  beciMaae  constant  at  1  p.  m.  In  order  to  determine  the  expense  of 
pumping,  all  of  the  gasoline  was  used  out  of  the  reservoir,  then  1  gal- 
lon was  poured  in  and  the  length  of  the  run  noted  to  be  one  hour  and 
thirty-two  minutes,  or  two-thirds  gallon  per  hour.  As  the  engine  is 
*  6-horsepower  one,  this  equals  0.111  gallon,  or  0.445  quart  of  gasoline 
per  horsepower  hour. 

The  average  corrected  head  on  the  weir  was  found  to  l)e  0.440  foot. 
Csing  weir  formula 

where  J=0.66,  whence  c=0.592,  the  discharge  is  found  to  be 
y=0.6045  second-foot =272  gallons  per  minute. 

Data  of  Logan  pvmping  plat) t,  Garden,  Kans, 

Feet. 

Average  depth  to  water  while  pumping 18. 6 

formal  depth  to  water 11.  75 

Amoont  lowered  by  pnmping 6.  85 

^evation  of  well  pUitform 2,835.26 

^^|!??noe  water  was  raised  above  platform 3. 6 

*^  or  total  distance  water  was  raised 22. 1 

'fotal  area  of  well  strainer,  107  square  feet. 
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The  fuel  cost  of  pumping  was,  therefore,  0.9  cent  per  1,000  gallons 
of  water  recovered,  or  $2.93  per  acre-foot.  The  cost  of  1,000  foot- 
gallons  (1,000  gallons  raised  1  foot)  was,  therefore,  0.0406  cent,  or 
one  twenty -fifth  cent. 

The  specific  capacity  of  the  well  is  42.2  gallons  a  minute,  or  0.894 
gallon  for  each  square  foot  of  well  strainer. 

The  engine  ran  at  a  speed  of  350  revolutions  a  minute,  exploding 
143  times  a  minute.  The  diameter  of  engine  pulley  is  16  inches  and 
of  pump  pulley  10  inches.  This  gives  a  speed  of  560  revolutions  a 
minute  to  the  pump. 

The  size  of  the  pond  wa.s  40  feet  by  60  feet,  mostly  covered  with  a 
green  scum,  which  would  prevent  evaporation.  As  to  seepage,  the 
ix)nd  falls  8  inches  in  twelve  hours  at  night.  The  pond  being  2,400 
square  feet  in  area,  the  obser\'ed  seepage  represents  a  loss  of  16.68 
gallons  per  minute,  which  should  be  added  to  the  capacity  of  pump 
and  well,  but  not  to  the  effective  capacity  for  Mr.  Logan. 

There  is  a  windmill  at  a  well  20  feet  north  of  the  one  pumped  by 
the  gasoline  engine — a  12-foot  airometer  connected  to  a  10-inch  pump 
of  12-inch  stroke.  After  the  weir  measurements  were  completed  the 
windmill  was  thrown  into  gear.  There  was  a  brisk  wind  from  the 
south  and  the  pump  threw  a  good  quantity  of  water,  but  no  appreciable 
lowering  of  the  water  in  the  gasoline-engine  well  20  feet  away  was 
detected.     The  rise  of  the  water  in  the  well  was  obtained  twice. 

Below  are  the  two  sets  of  observations: 

Riite  of  iititfr  after  re^^Uion  of  pumping  in  Logan  weli^  Garden^  Kant. 
FIRST  TRlALr-WINDMILL  NOT  RrXNINO. 


Timf. 


55  seconds 

1  minute  hiuI  5  seconds . . 
1  minute  and  M  seeonds  . 
1  minuti'  Hn<l  :{7  seconds . 
1  minute  and  55  »<T(>nds  . 


Depth  to 
water. 


Feft. 

a  18. 60 
16.05 
H.  55 
12. 95 
12. 50 


Time. 


2  minutes  and  8  secondi. . . 
2  minute.«  and  22  seconds.. 
2  minute.s  and  33  seconds. . 
2  minute:*  and  48  iteoonds. 


Depth  to 


11* 
11* 


.SECOND  TKIAI^WINDMILL  RIXNING. 


24  minute**  an«l  :io  .s.K'onds  . . 
21  minutt-s  and  .i5  seet»nd.«i . . 
21  minutes  nml  r>  seeimds  . . 
21  minute'*  ami  •1>*  seconds  . . 

25  minute«<  and  10  *M><M>nds  . . 
25  minuii>«  and  2»>  M*eonds . . 
25  minuto  and  lis  second.s  .. 


IH.O 

!«;.  5 
14.  :i:. 

13.10 
12.  W 
12. 55 


25  minute:*  and  48  seconds 

lltt 

26  minute.** 

114 

2t'i  m  inutej*  and  23  seconds 

lift 

26  minutes  and  58  setnmds 

11* 

27  minutes  and  15  wronds 

11* 

27  minutef<  and  30se<'ond« 

11* 

aStopi»ed  pumping. 
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The  curves  showing  the  rate  of  rise  of  water  in  the  Logan  well  after 
mumping  ceased  are  given  as  curves  1  and  2  in  fig.  18.  Curve  2  is 
he  one  which  was  produced  when  the  windmill  was  pumping  from  a 
^ell  20  feet  away.  The  comparison  of  this  curve  with  curve  1,  which 
ras  produced  when  the  neighboring  well  was  not  used,  is  very  inter- 
sting,  showing,  as  it  does,  a  less  rapid  rise  when  the  neighboring  well 
vas  in  use.  To  find  the  specific  capacity  for  the  Logan  well  from  these 
;urves  we  must  substitute  the  values  of  the  various  constants  in  the 
brmula 

A         H 

e=17.25  -J  log  nr  ga..ons  per  minute. 


-* isr 

Tuff  m  seconds 


FiQ.  K— Risinff  curves  for  Logan  well.    Curve  2  taken  when  neighboring  well  whj*  being  pumped  by 
windmill.    Curve  1  Uken  when  windmill  was  shut  off. 

The  value  of  the  area,  A,  of  cross  section  of  the  well  casing  is  2.17 
square  feet,  and  H,  the  amount  the  water  is  lowered  bv  the  pump,  is 
6.85  feet.  The  amount  of  depression,  A,  of  the  water  l(»vel  below  the 
natural  level  at  any  time  can  then  be  selected  from  the  curve,  and  the 
specific  capacity  readily  computed.  If  t  be  takcMi  to  he  40  seconds, 
or  }  of  a  minute,  h  will  be  found  from  the  curve  to  ])o  equal  to 
6.85—5.5=1.35  feet,  hence 

?=  17.25  X  J  X  2.17  X  log  (  j^  j  gallons  per  minute  -  39.5  gallons 

per  minute. 

lie  yield  of  the  well  for  the  maximum  depression,  6.85  feet,  must 
hen  be 

.     6.85  X  39.5  =  270  gallons  per  minute. 
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The  riirve  of  rise  of  water  forms  one  of  the  best  methods  of  deter- 
mining the  yield  of  a  well.  Such  curves  can  readily  be  obtained.  Well 
data  should  always  include  measurements  of  the  amount  of  lowering 
of  the  water  surface  by  the  pumps,  and  it  is  only  necessary  to  continue 
these  measurements  after  the  pumps  have  stopped  to  secure  sufficient 
data  to  estimate  the  specific  capacity  and  total  yield  of  the  well.  This 
avoids  the  necessity  of  constructing  a  weir  or  other  method  of  meas- 
uring the  water  dis(»harge.  The  accuracy  is  sufficiently  great  for  the 
puriK>se  for  which  such  data  are  used.  The  method  can  be  used  only 
in  cases  where  an  internal  suction  pipe  extends  into  the  well  casing 
with  sufficient  room  around  it  to  j^ennit  a  sounder  to  l>e  lowered  to  the 
water  surface.  If  there  is  no  foot  valve  or  other  means  for  prevent- 
ing the  water  from  returning  to  the  well  after  pumping  ceases,  the 
rising  curve  may  still  be  used  for  the  determination  of  the  specific 
capatdty,  provided  that  only  the  portion  of  the  curve  be  used  which 
was  formed  after  the  water  had  completely  returned  to  the  well  from 
the  pump.  

TEST  OF  THE   RICHTER   PUMPING   PLANT,  NEAR   GARDEN,  KANS. 

This  plant  is  located  in  the  northwest  corner  of  SW.  i  sec.  14,  R. 
33  W. ,  T.  24  S.  The  upper  part  of  this  well  is  cased  with  part  of  the 
old  standpipc  from  (Jarden.  The  casing  is  10  feet  in  diameter  and 
extends  down  20  feet.  In  the  bottom  of  this  part  of  the  well  are 
placed  four  8-inch  galvanized-iron  feeders,  arranged  symmetrically 
about  the  center;  each  feeder  is  25  feet  long,  perforated  its  entire 
length,  and  extends  about  2^  feet  above  the  bottom  of  the  large  part 
of  the  well. 

The  pump  used  is  a  Menge  pump,  which  operates  on  the  piinciple 
of  a  screw  propeller  of  a  steamship.  It  bores  the  water  out  and  up  a 
square  wooden  penstock  or  pump  shaft.  There  are  two  of  these  pro- 
pellers mounted  one  above  the  other  on  vertical  iron  shaft  inside  the 
penstock.  The  top  of  the  iron  shaft  carries  the  belt  pulley  and  hast 
shoulder  bearing  which  takes  the  thrust  of  the  pump  as  a  pull  above. 
This  pump  is  made  in  New  Orleans. 

The  pump  is  run  by  a  10-horsepower  Otto  gasoline  engine,  which 
runs  at  a  speed  of  300  revolutions  per  minute.     The  circumference  of 
the  drive  pulley  is  5.25  feet,  and  of  the  driven  pulley  2.65  feet,  mak- 
ing the  pump  run  at  595  revolutions  per  minute.     The  screws  aro 
boxed  up  and  under  water  when  the  pump  is  not  in  operation.    A 
small  pond  was  constructed  at  the  end  of  the  discharge  trough  and  ^ 
fully  contmcted  rectangular  weir  of  length  of  crest  of  1.2  feet  wa^ 
used  to  measure  the  discharge.     The  measurements  for  head  wer^ 
taken  (3  feet  away  from  the  weir,  and  boards  were  interposed  betweei^ 
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charge  trough  and  weir  to  cut  down  the  velocity,  which  might 
>  give  erroneous  results.  The  average  corrected  head  on  the 
as  0.371  foot.     Using  the  weir  formula 

cing  c  from  Merriman's  tables  as  0.603, 

^=0.876  second-foot =394  gallons  per  minute. 

g  a  small  Price  acoustic  water  meter  in  the  discharge  trough, 
ksuring  the  velocity  at  different  places  and  also  by  integrating, 
(charge  was  found  to  be  0.76  second-foot,  or  342  gallons  per 
.  The  water  in  the  flume  was  so  shallow  that  this  determina- 
of  little  value.  By  putting  chips  in  the  discharge  trough  and 
ig  the  time  with  a  stop  watch,  the  surface  velocity  was  found 
.565  feet  per  second.  This  number  multiplied  by  0.8  gives  an 
e  velocity  of  1.25  feet  per  second  and  a  discharge  of  0.884 
-foot,  or  397  gallons  per  minute. 

attempt  was  made  to  determine  the  amount  of  gasoline  used, 
jervoir  was  filled  full  and  the  engine  run  for  1  hour  and36min- 
r  1.6  hours.  All  the  gasoline  we  had,  9^  quarts,  did  not  then 
tank.  This  was  at  noon,  July  6.  On  the  morning  of  July  7, 
rts  were  required  to  completely  fill  the  reservoir,  a  total  of  181 
or  37i  pints  for  the  run  of  1.6  hours  for  a  10-horsepower 
.  The  makers  claim  their  engines  use  one  pint  per  horse- 
hour.  This  would  require  in  this  case  16  pints,  or  less  than 
f  what  was  actually  measured,  if  the  engine  developed  its  full 
ower.  A  leak  in  the  tank  or  feed  pipe  is  clearly  indicated,  so 
lount,  while  being  of  value  to  the  owner  of  the  plant,  is  value- 
far  as  comparative  cost  of  pumping  is  concerned, 
observations  of  the  rising  curve  were  obtained  which  plot  well 
er.  The  lower  part  of  the  curve  is  not  accurate,  because  of  the 
in  the  penstock  dropping  back  into  the  well  when  pumping 

Data  of  Richter  pumping  plant,  near  (rarden,  Karn*. 

Feet. 

)n  of  the  ground  at  well 2, 846. 0 

J  elevation  of  water  in  well 2, 836. 8 

i  elevation  of  water  in  well  when  i>umping 2, 831. 5 

on  of  discharge  from  penstock 2, 847. 0 

ift 15.6 

e  amoant  water  is  lowered  by  the  pump 5. 3 

ber  of  explosions  of  engine,  126.5  {)er  minute. 

1  area.of  surface  of  well  strainers  and  all  percolating  surfaces,  226.5  square  feet. 
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The  curves  of  rise  for  this  well  were  obtained  on  two  dilBfereDt 
occasions  and  are  shown  as  curves  1  and  2  in  fig.  19.  They  plot 
together  very  well.  To  find  the  specific  capacity  of  the  well  from  the 
curve,  we  note  the  following  values  of  the  constants  in  the  formula 
for  specific  capacity: 

f=  17.25  ^  log  ,  gallons  per  minute. 

The  area,  A,  of  cross  section  of  the  well  casing,  less  the  amount 
occupied  by  obstnu^tions,  is  7tj.  79  sciuare  feet.  The  amount,  H,  that 
the  water  is  lowered  by  the  pump  is  5.3  feet.  The  amount  of  depre^ 
sion,  /*,  of  the  water  surface  below  the  natural  level  at  any  time  can 
l)e  selected  from  the  curve.  From  the  curve,  at  the  close  of  ten 
minutes,  h  equals  5.8  less  4,  or  1.3  feet. 


-tdd sod tod tW 38y 

r/me  in  seco/rcfs 

Fn  .  I'J.— RiMiiK  curves  for  Kichtcr  well,  near  Garden,  Kans. 

Hence  the  specific-  ciipacit}' 

.-   ,.     Tt).79  ,       5.3     ^^^       -,  .     ^ 

r— li.2.')X     .^-    log  .  1,  — SI  gallons  per  nunute. 

Multiplying  hy  5.3,  tiic  head  under  which  pumping  took  place,  tl^    ■ 
total  yield  of  the  well  is  .^1  X5.3--43U  gtilloiis  per  minute. 

The  above  (h^termi nation  of  the  specific  capacity  is  inaccurate,  sine*    ■ 
the  first  portion  of  the  rising  curve  does  not  show  the  truerate<if  ; 
rise  of  water  in  the  well.     The  penstock  of  the  propeller  pump  hoW* 
37.7  cu])ic  feet  of  water,  which  immediately  returns  to  the  well  wh0* 
the  pump  is  stopped.     This  tuiiount  of  water  is  suJUcient  of  itself  W> 
raise  the  level  in  the  well  bv  o.4*»5  foot.     For  this  reason,  only  thf^ 
portion  of  the  rising  curve  should  i)e  used  which  is  not  influenced  \ff 
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returning  water  Jrom  the  penstock.     Thus,  if  we  use  that  part  of 
curve  from  ^=100  seconds  to  t=600  seconds,  we  will  eliminate 
inaccurate    portion.     Making    this    modification,  the  data    are 
iged  to 

H=3.75  feet;  A=1.30  feet;  ^=8+  minutes, 
iputing  the  specific  capacity  on  this  basis,  we  obtain 
<?=73  gallons  a  minute. 

itiplying  this  by  5.3,  the  total  estimated  yield  is  388  gallons  a  min- 
which  checks  remarkably'  with  894  gallons  a  minute  obtained, 
he  area  of  the  strainer  and  bottom  of  the  well  is  266.5  square  feet, 
above  specific  capacity  divided  by  266.5  gives  0.341  gallon  per 
ute  as  the  specific  capacity  per  square  foot  of  percolating  surface, 
he  engine  ran  at  a  speed  of  300  revolutions  and  exploded  125  times 
minute.  This  would  indicate  that  it  was  working  at  about  83  per 
t  of  its  rated  capacity.  Assuming  that  such  was  the  case,  and  that 
Fould  then  use  83  per  cent  of  the  fuel  necessary  to  run  it  at  its  full 
ed  power  (10  horsepower),  we  have  8.3  pints  as  the  probable  amount 
gasoline  used  per  hour  by  the  engine  during  the  test.  This,  at  20 
its  per  gallon,  would  make  a  cost  of  21  cents  per  hour.  This 
umption  makes  the  cost  of  water  0.89  cent  per  1,000  gallons,  $2.90 
r  acre-foot,  and  one- seventeenth  cent  per  1,000  foot-gallons. 

iST    OF    PUMPING    PLANT    OF    C.    E.    SEXTON,    NEAR    GARDEN, 

KANS. 

This  plant  is  located  at  about  the  center  of  sec.  13,  R.  33  W., 
34  S.,  and  is  1  mile  west  of  Garden.  It  consists  of  two  pumps  of 
•inch  stroke,  with  6-inch  pistons,  connected  to'  a  walking  beam  and 
iven  by  l^-horsepower  Fairbanks,  Morse  &  Co.  vertical  gasoline 
fine.  The  east  well  has  a  12-imh  casing  22  feet  deep,  and  the  west 
11  a  10-inch  ceasing  31  feet  deep,  both  casings  being  perforated  for  a 
stance  of  10  feet  up  from  the  bottom.  The  pump  rods  are  2  by  4 
ibers. 

The  two  pumps  discharge  into  an  artificial  pond  or  reservoir,  and 
i  flow  was  measured  with  a  weir  at  the  outlet  of  the  reservoir, 
e  weir  was  fully  contracted  wnth  a  length  of  crest  of  0.66  foot, 
rhe  height  of  water  on  the  weir  was  measured  by  placing  a  stick 
the  head  of  the  nail  and  marking  the  water  line  on  the  stick  with 
lencil,  then  measuring  with  a  pocket  tape ;  in  the  absence  of  a  hook 
;e  this  was  the  best  method  that  suggested  itself, 
rhe  weir  heights  taken  as  a  measure  of  the  discharge  of  the  pump 
I  those  obtained  after  the  water  level  in  the  reservoir  had  become 
tionary,  as  indicated  by  an  absence  of -systematic  variation  of  the 

iBE  163-06 — ^ 
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weir  heights.     As  evaporation  would  make  the  results  too  small,  the 
following  data  are  important: 

The  size  of  reservoir  is  50  feet  by  90  feet,  or  4,500  square  feet; 
trees  border  the  north  and  south  side«,  with  high  giTiss  along  the 
Imnks;  brisk  wind  was  blowing  from  southwest;  temperature  of  air 
was  HO"^,  temperature  of  water,  52^;  there  was  sunshine  until  about  3 
p.  m.,  when  it  became  cloudy  and  the  wind  moderated. 

The  east  well  threw  a  nuich  smaller  stream  than  the  wast  well,  prob- 
ably due  to  a  leak  in  the  suction  pipe,  and  consequent  pumping  of  air. 
No  air  was  pumped  by  the  west  pump. 

Measurements  to  the  water  surface  in  the  east  well  were  made  ftt 
five-minute  intervals,  but  no  soundings  were  obtained  in  the  west 
well.  The  number  of  strokes  of  each  pump  averaged  24.5  per 
minute  during  the  test;  the  numlx^r  of  explosions  of  the  gasoline  en- 
gine avemged  106.2  per  minute.  The  battery  used  with  the  engine 
not  working  satisfa(*torily,  a  gasoline  torch  was  used  for  ignition. 
Gage  readings  of  distance  to  water  in  well  were  made  downward  from 
a  point  on  the  well  platform  whose  elevation  above  sea  level  wtf 
2,836.69. 

Data  of  Sexton  pumpintj  phxnty  near  Garden^  Kan*, 

Distance  to  water  wlien  lev(»l  i»  normal 8. 8 

Distance  to  water  when  pumping 11.85 


Amount  water  level  waw  lowered 3.  OS 

p:ievation 2, 827. 9 

Distance  water  was  raised  al:x)ve  point  on  platform S.  2 

Total  distance  water  was  raised  ( 11.8(5-*  3.  2) 1S.0S  ^ 

Total  area  of  well  strainers,  57.2  square  feet. 

The  reservoir  has  been  in  use  for  some  time  and  the  seepage  was 
probably  (^uite  small,  a  small  enough  per  cent  to  l)o  negligible.  There 
was  no  leakage  around  the  weir,  or  elsewhere.  ^ 

The  gasoline  tank  was  filled  at  the  start,  and  when  the  run  was  com-; 
pleted  the  amount  needed  to  refill  was  measured,  thus  getting 
amount  used  by  the  engine,  which  was  11  quarts  for  a  run  of  9  hocot 
and  37  niiiuitcs,  or  1.14  quarts  per  hour,  making  a  trifle  over  threes 
fourths  quart  per  horsepower  hour.  The  average  corrected 
height  was  0.206  foot. 

Using  the  formula  for  a  contracted  weir 

and  taking  from  Merriman's  Hydraulics  the  value  of  the  constafll 
c  for  J=0.66  and  H=0.206  as  0.611,  we  have  for  the  discharge 

y= 0.202  second-foot,  =  91  gallons  per  minute. 

With  gasoline  at  22  cents  per  gallon,  or  5i  cents  per  quai-t,  the  expenfll 
of  an  hour's   run,  not  counting  gasoline  used  for  ignition  tube,  i 
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)  per  hour,  or  $0.0115  per  thousand  gallons  of  water  pumped, 
•6  per  acre-foot  The  lift  being  15.06  feet,  the  cost  per  1,000 
Jlons  is  0.076  cent,  or  about  one- thirteenth  cent  per  1,000  gal- 
ised  one  foot. 

^ulv  8  the  rise  of  water  in  the  east  well  was  taken  by  means  of 
pine  board  stuck  down  between  the  casing  and  pump.  The 
As  of  time  were  measured  with  a  stop  watch.  The  pine  strip 
¥ered  into  the  well  until  the  water  was  reached,  after  which  the 
i^as  drawn  up,  the  wet  line  marked,  the  time  recorded,  and  the 
replaced,  the  observations  being  repeated  as  fast  as  possible, 
stances  marked  on  the  strip  were  measured  later. 

ige  of  water  after  cessation  of  pumping  in  Sexton  irellj  near  (tardetiy  Kans. 

Time.  |     Rlue. 

I 

!  Fnet. 

I  0.46 

^ :  2.44 

i» 2.92 

« '  3.01 

id« 3.02 

ids ■  8.03 

_    _      _  __     _J 

rising  curve  plotted  from  these  data  was  of  little  use  in  deter- 
•  the  specific  capacitj^  of  the  wells,  both  on  ac^rount  of  an 
Nii  amount  of  water  returned  to  the  well  by  leakage  of  the 
and  because  of  the  unknown  amount  of  lowering  of  the  water 
west  well. 

OP  PUMPING  PLANT   OF  NATHAN  FULMER,  LAKIN,  KANS. 

plant  is  in  the  center  of  NE.  i  sec.  lo,  K.  36  W.,  T.  25  S., 
ey  County,  3  miles  south  of  Lakin,  Kans.  The  well  consists  of 
len  casing,  6  feet  in  diameter  and  10  feet  deep,  sunk  with  the 
sh  with  the  surface  of  the  ground.  Inside  of  this  cylindrical 
and  extending  9^  feet  below  the  bottom  of  it  is  a  tapered  wooden 
g  10  feet  long,  4  feet  in  dianu^ter  at  the  top,  and  5  feet  in 
er  at  the  bottom.  This  curb  was  given  the  tapering  form  in 
X)  lessen  the  friction  on  the  sides  in  sinking  the  well.  The  total 
^f  the  two  large  curbs  is  19i  feet.  Arranged  in  a  circle  in  the 
I  of  the  main  well,  about  5  inches  from  the  edge,  are  7  feeders. 
f  these  feeders  are  7  inches  and  3  are  8  inches  in  diameter.  The 
of  each  feeder  is  23  feet  4  inches.  The  feeders  extend  down  to 
3  or  4  inches  of  an  underlying  clay  or  silt  and  8  inches  above 
tom  of  the  large  well.  The  total  depth  of  the  well  is  42  feet. 
jders  are  made  of  No.  20  galvanized  sheet  iron  with  three-eighths- 
;rforations  arranged  in  circles  from  three- fourths  of  an  inch 
sbes  apart. 
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The  material  encountered  in  sinking  the  well,  according  to  Ik 
Fulmer,  was,  first,  4  feet  of  clay,  then  sand,  which  became  coan 
with  the  depth.  The  bottom  stratum  consists  of  a  mixture  of  fi 
sand  and  gravel,  some  of  the  latter  being  the  size  of  a  hen's  eg 
Water  was  found  at  a  depth  of  8  feet. 

A  local  make  of  chain  and  bucket  pump,  known  as  the  Pittm 
pump,  is  used  in  this  well.  It  consists  of  an  upper  shaft  and  sa 
merged  lower  shaft  around  which  run  the  two  sprocket  chains 
which  are  attached  the  galvanized  iron  buckets,  each  with  a  capaci 
of  12.5  gallons.  The  buckets,  33  in  number,  are  hung  between  ti 
chains  and  are  of  such  shape  that  when  they  come  over  at  the  top 
the  circuit  they  discharge  the  water  readily  into  the  discharge  trong 
allowing  very  little  to  run  back  into  the  well.  To  aid  in  starting  tl 
water  down  the  trough  a  number  of  horizontal  guide  vanes  are  plao 
therein  with  a  slope  away  from  the  descending  buckets  in  such  a  w 
that  the  water  is  started  down  the  trough  with  very  little  splashii 
back  into  the  well.  These  pumps  are  of  a  recent  design,  and  are  min 
in  Kearney  County.  There  are  three  such  pumps  in  operation,  oi 
run  by  a  windmill  near  Garden,  and  one  owned  by  Mr.  Root,  a  test 
which  is  described  in  this  report  (pp.  70-78). 

The  iK)wer  is  supplied  through  the  proper  gearing  by  a  Hoi 
gasoline  engine,  built  b\^  the  Middletown  Machine  Company,  whi< 
develops  about  7  horaepower  at  285  revolutions  per  minute.  Tl 
engine  is  cooled  by  water  taken  from  the  discharge  trough.  T! 
supply  of  gasoline  is  put  in  a  rectangular  sheet-iron  tank,  2.4  feet  1 
2.6  feet  by  1  foot  high,  which  is  placed  in  the  ground  outside  the  engii 
house.  The  ratio  of  the  gearing  between  the  engine  and  bucket  cha 
is  such  that  175i  revolutions  of  the  engine  produce  1  revolution 
the  bucket  chain,  or  5^  revolutions  of  the  engine  to  each  buck 
discharge. 

The  discharge  trough  empties  into  a  reservoir  from  which  the  sec 
age  is  quite  rapid.  As  there  was  no  chance  to  put  a  weir  betwe 
the  pump  and  the  reservoir,  and  since  one  placed  at  the  outfall  of  t 
reservoir  woul3  measure  only  a  portion  of  the  water  entering  t 
reservoir,  the  amount  of  water  pumped  was  measured  by  oounti 
the  number  of  revolutions  of  the  bucket  chain  and  computing  i 
capacity  of  several  buckets  to  secure  an  avemge  value.  The  aven 
capacity  was  found  to  be  12.52  gallons.  The  computed  discharf 
obtained  by  counting  the  revolutions  of  the  bucket  chain  and  not] 
the  time,  was  561  gallons  per  minute.  It  was  estimated  that  1 
buckets  lacked  about  0.05  foot  of  being  full,  this  being  about  4  | 
cent  of  the  measured  capacity  of  the  buckets.  Also,  during  the  n 
22  buckets  came  up  empty,  caused  by  the  failure  of  the  valve  in  i 
bottom  to  work,  which  amounts  to  a  loss  of  one -fourth  of  1  per  a 
of  the  total  discharge.     Reducing  the  observed  561  gallons  by  4  j 
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ves  540  gallons  per  minute  as  the  corrected  discharge  of  the 
The  water  level  was  lowered  6.35  feet  below  the  normal.  The 
he  discharge  trough  was  17  feet.  The  engine  ran  at  240  revo- 
and  averaged  64  explosions  per  minute. 

amount  of  gasoline  used  was  determined  by  measuring  the 
»f  gasoline  in  the  tank  at  intervals  and  noting  the  time  at  each 
ement;  then  by  plotting  a  curve  the  average  rate  per  hour  of 
\g  of  the  gasoline  in  the  tank  was  obtained,  and,  the  horizontal 
3ction  of  the  tank  being  known,  the  amount  of  gasoline  used 
ir  was  computed  to  be  0.65  gallon.  The  cost  of  gasoline  was 
»  per  gallon  in  barrel  lot<,  making  the  exi)ense  of  running  the 
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Flo.  20.— Rilling  curve  for  the  Fiilmer  well,  Lakin,  Kaiis. 

13.65  cents  per  hour.  The  cost  of  water  per  acre- foot  was 
>re$1.37.  The  cost  of  water  per  1,0(H)  gallons  was  0.42  cent, 
J  cost  per  1,000  foot-gallons  was  one-fortieth  of  a  cent, 
iervoir  100  feet  wide  by  240  feet  long  is  used  in  connection  with 
nt.  This  reservoir  was  made  by  digging  out  the  inside  and 
he  material  to  form  the  banks.  This  produced  a  very  porous 
and  much  trouble  has  been  experienced  from  seepage.  To 
this  the  bottom  was  puddled  thoroughly  by  plowing  and  har- 
,  then  putting  in  chatf  and  straw  and  herding  cattle  and  horses 
)ottom  for  several  days,  but  the  surface  of  the  water  still  drops 

I  inches  per  day. 

observation  of  the  rising  curve  of  this  well  was  made  (fig.  20). 

II  be  noticed  that  there  is  an  irregularity  in  the  curve  correspond- 
i  depth  of  about  li  feet  below  the  normal  water  level,  caused 
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by  the  sudden  change  in  cross  section  from  12i  square  feet  to  38i 
square  feet  at  the  top  of  the  lower  casing.  From  the  rising  curve  thi 
specific  capacity  may  be  obtained  from  the  following  formula: 

6  =  17.25  4  log  y 

t      ^  h 

At  a  point  4  feet  above  lowest  position  of  water  level  the  average 
area  A  of  the  well  from  0  to  this  point  is  17  square  feet.  /=1.6  min- 
utes; H=6.35  feet;  A=2.35  feet. 

Then  6*=80  gallons  per  minute.  This,  multiplied  by  6.35,  the  amount 
the  water  was  lowered  by  pumping,  gives  508  gallons,  which  is  within 
6  per  cent  of  the  observed  discharge. 

The  total  area  of  percolating  surface,  7  feeders,  and  the  bottom  ol 
the  well,  is  334  square  feet.  The  above  specific  capacity  divided  by  3M 
gives  0.24  gallon  per  minute  per  square  foot  of  percolating  area. 

The  amount  of  water  recovered  can  not  be  increased  without  lower- 
ing the  pump,  as  a  glance  at  the  diagram  will  show,  the  water  level 
l>eing  now  lowered  slightly  below  the  lower  shaft. 

The  Fulmer  plant  was  installed  in  the  spring  of  1903  and  has  been 
in  operation  since  April  of  that  year.  The  cost  of  the  entire  plant  is 
as  follows: 

Co»i  of  Fulmar  pktrU^  lAihin^  Kans, 


Cofltof 
material. 


$18.60 


I 


Well: 

Material  and  lumber 

Digging 

Seven  feeders  at  $H.40  ( LM  fei>t  oarh,  at  35  cents  a  foot ) '       58. 80 

Renervoir,  man  and  team,  at  13.50  a  day ' 

Pump,  made  ]>y  Mr.  Fulmer,  market  priee  about !      260. 00 

Engine: 

Cost  in  Kan*a*«(Mty 328.50 

Freight 18.62 

8he<l,  8  by  22  by  7  feet 36.00 

Inridentals 


Totiil  cost  . 


719.42 


Labor. 


Time,  in 
days. 


<i45 


•  b 


Cort. 


16.00 
90.00 


140.00 


10.00 


246.00 


Total 
oait. 


|M.tf 

Il7.lt 

Id* 


l.OW.* 


<«  I^>><>r,  f2  a  day. 

Mr.  Fiihner  uses  water  from  the*  south-side  ditch,  and  only  about  15 
acres  of  cantaloupes  and  fruit  trees  are  irri^ited.  The  capacity  of  the 
plant  is  about  KM)  acres. 

TEST  OF  PUMPING  PLANT  OF  J.  M.  ROOT.  LAKIN,  KANS. 

This  plant  is  located  at  the  southea.st  corner  of  northwest  i  sec  ^ 
R.  36  W.,  T.  25  S.,  Kearney  County,  3  miles  southwest  of  Lakin,  KaP* 

The  well  (»oiisists  of  a  wooden  casing,  6  feet  in  diameter  and  12  f^ 
long,  sunk  with  the  top  flush  with  the  ground.     Inside  of  and  belo^ 
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i  10-foot  casing,  4i  feet  in  diameter  at  the  top  and  5i  feet  at 
torn,  «unk  until  the  top  is  2  feet  above  the  bottom  of  the  upper 
making  the  total  depth  of  the  main  well  20  feet.  In  the  bot- 
this  main  well  are  sunk  5  feeders  in  a  circle  about  10  inches 
e  edge  of  the  lower  casing.  The  feeders  are  8  inches  in  diam- 
ro  of  them  are  24  feet  long  and  three  are  18  feet  long.  The 
feeders  project  2  feet  above  the  bottom,  while  the  18-foot 
project  only  1  foot.  These  feeders  are  made  of  No.  20  gal- 
iron,  and  the  perforations  are  the  same  as  in  Fulmer's  well, 
sly  described. 

naterial  encountered  in  sinking  the  well  was,  first,  about  1  foot 
,  then  about  17  feet  of  black  dirt,  followed  by  1  foot  of  yellow 
i  2  feet  of  sandy  clay.  There  is  no  record  of  the  material 
ered  in  sinking  the  feeders. 

Mttman  pump  is  used  in  this  well  and  is  of  the  same  pattern  as 
icribed  in  connection  with  the  Fulnier  plant.  The  buckets  are 
,  having  a  capacity  of  ♦kS  gallons,  and  the  bucket  chain  has 
or  40  buckets,  24  of  which  were  in  place  at  the  time  of  the 
i'he  vacant  places  were  left  at  regular  intervals  around  the 
»ut  the  effect  was  to  give  the  chain  a  swinging  motion,  which 
the  slopping  out  of  a  great  deal  of  water.  The  valves  in  the 
i  of  the  buckets  also  leaked  excessively. 

r  is  furnished  by  a  vertical  2i- horsepower  two-cycle  Weber 
?  engine  with  throttle  governor,  built  by  the  Weber  Gas  and 
e  Engine  Company,  Kansas  City,  Mo.  The  engine  is  cooled 
lall  tank  and  exploded  by  an  autosparker.  The  mtio  of  the 
between  the  engine  and  the  bucket  chain  is  such  that  257 
ions  of  the  drive  wheel  prcxluce  1  revolution  of  the  bucket 
)r  (>.4  revolutions  of  the  engine  to  each  bucket  niised,  if  the 
are  all  on  the  chain. 

»  is  no  reservoir  used  with  this  plant.  The  discharge  was 
h1  with  a  fully  contracted  wciir,  with  a  length  of  crest  of  1 
The  average  head  observed  was  O.^SO;")  foot,  giving  the  follow- 
harge  by  the  Francis  fornuila: 

fj  =  3.33  (i- 0.2  II)  W 

=  3.33  (1.0  -  ().()r)6)  ().28()r)i 

=  3.33  X  0.944  X  0.14S5 

=  0.4675  second-foot 

=  210  gallons  p(»r  minute*. 

le  formula  given  by  Merriman  for  fully  contracted  weir  of 
if  crest  of  1  foot  the  discharge  is  computed  to  be  218  gallons  per 
The  following  computations  are  based  on  a  discharge  of  215 
per  minute:  As  the  water  l(»vel  was  lowered  4. 16  feet  the  specific 
'  is  51.7  gallons  per  minute.     The  lift  was   15.8  feet.     The 
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engine  averaged  488  revolutions  per  niinut<^,  exploding  at  ever; 
lution. 

The  amount  of  gasoline  used  for  a  three-hour  run  was  ext 
quarts,  or  at  the  rate  of  0.5  gallon  per  hour.  This  gasoline  < 
cents  per  gallon,  making  the  cost  of  fuel  11  cents  per  hour.  Tl 
of  water  is  0.855  cent  per  1,000  gallons,  $2.78  per  acre-foot,  an 
nineteenth  cent  per  1,(X>0  foot-gallons.  The  lack  of  economy 
plant  is  in  the  engine,  which  is  old  and  in  poor  condition,  and 
buckets,  the  valves  of  which  leak  badly.  Also  the  water  wa 
ered  so  far  that  the  buckets  did  not  start  up  full,  and  the  sw 
motion  of  the  chain  spilled  a  great  deal.  The  owner  has  neve 
able  to  keep  the  plant  running  for  more  than  half  an  hour  at  £ 
and  it  took  as  long  to  put  the  plant  in  order  as  it  did  to  make  th 
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Fio.  21.— Two  rising  cun'ea  for  the  Root  well:  Curve  A,  after  four  or  five  hours  of  pumpinK*. 
after  only  twenty  minutes  of  pumping. 

Two  lising  curves  of  this  well  were  obtained,  which  make  an 
esting  comparison  (see  fig.  21). 

Curve  A  was  taken  late  in  the  afternoon,  after  about  four  • 
hours'  pumping,  and  curve  B  was  taken  after  about  twent\'  mi 
pumping,  when  the  water  was  lowered  to  the  same  depth  as  c 
the  preceding  afternoon. 

Curve  B  is  much  steei>er  than  curve  A,  showing  that  the 
flowed  into  the  well  faster.     This  can   be  explained  by  the  fai 
during  the  short  period  of  pumping  (twenty  minutes)  the  cone  of 
ence  had  not  extended  as  far  as  in  the  first  case,  and  there  was 
fore  less  unsaturated  soil  to  fill  with  water  and  a  steeper  slope 
ground-water  surface. 

The  specific  capacity  of  the  well,  determined  from  these  c 
using  the  method  described  heretofore,  is  02.5  gallons  per  m 
This  multiplied  by  4. 16,  the  amount  of  lowering  of  the  well  1 
pump,  gives  200  gallons  per  minute,  which  is  19  per  cent  abo 
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served  discharge.  The  percolating  surface — area  of  feeder's  phis 
ttom  of  well — is  210  square  feet,  and  dividing  the  specific  capacity 
ennined  from  the  discharge  by  210  we  get  0.246  gallon  per  minute 
the  specific  capacity  per  square  foot  of  percolating  area.  This 
^  error  is  probably  caused  by  the  steep  slope  given  to  the  rising 
ve  by  the  leakage  of  the  water  from  the  buckets.  The  pump  must 
lowered  before  a  greater  quantity  of  water  can  be  recovered,  as 
water  at  present  is  lowered  to  the  level  of  the  lower  shaft. 
This  plant  has  not  been  utilized  for  irrigation  as  yet,  but  its 
'  is  contemplated  for  irrigating  about  20  acres  of  l)eetw,  cantaloupes, 
Ions,  and  garden  truck. 

The  Root  plant  was  installed  in  the  spring  of  li^04,  being  completed 
the  latter  part  of  May.     Its  total  cost  was  as  follows. 

Cost  of  RiH)t  pfumping  plaiU  nrar  fjtikiUy  Kantt. 


1     ("OHtof     1 

material.. 

Labor. 

Time  in  '  ,, 
days.     1  ^' 

i»i.a  i 

Total 

<*08t. 

H: 

I«umU.T 

$27 

Fee Jere  

4*2 

y  1 

12  1 
17  , 

%i  ' 

18 
24 
34  , 

r» 
10  ' 

42 

Ubor- 

PnwpeotJni^  fur  location,  dig;^ 

ring  big  bole. 

4 

Makinfc  big  curb 

18 

Sinking  bi|f  curb 

24 

Sinking  feeders 

S4 

^\>... 

100 

100 

«»ne... 

100 

100 

Installing 

0 

ed: 
Loinber,  nailfl,  and  window 

:« 

1 

33 

^nt  and  painting 

4' 

4 

Ubor 

10 

Total.                   

...1        30C ; 

1 

W>  1 

402 



S-2  a  day. 

_  _    _    _i 

«  Labor, 

TEST  OF  WELL  AT  KING  BROTHERS'  RANCH.  GARDEN,  KANS. 

This  well  is  located  near  the  west  side  of  sec.  80,  K.  :38  \V.,  T.  22  S., 

out  12  miles  northwest  of  Garden.  Kans. 

The  well  consists  of  a  shaft,  alx)ut  5  feet  square,  sunk  41.4  feet,  to 

ithin  1.2  feet  of  the  water  level.     From  the  bottom  of  this  shaft  a 

•inch,  perforated,  galvanized-iron  casing  extends  down  to  a  depth  of 

•5  feet  from  the  normal  surfac^e  of  the  ground  water. 

It  was  put  down  by  King  Brothers  to  determine  the  amount  of 

ound  water  which  could  be  recovered  at  this  jwint  from  a  single  well 

d  its  influence  on  other  wells. 
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Fifteen  feet  from  the  first  well  a  second  well  was  sunk  to  a  depth  of 
91  feet,  7.9  feet  lower  than  the  first  well.  This  second  well  was  put 
down  for  the  purpose  of  determining  the  effect  on  the  water  plane  of 
lowering  the  water  in  the  first  well  by  pumping. 

A  No.  4  Byron-Jackson  centrifugal  pump  was  placed  at  the  bottom 
of  the  shaft  of  the  first  well  and  connected  by  a  long  belt  running  over 
2  idle  wheels  to  a  14-horsepower  thresher  engine  on  the  surface  of  the 
ground.  The  discharge  was  measured  by  a  fully  contracted  weir  with 
a  crest  of  1  foot.  The  head  at  the  time  of  maximum  discharge,  when 
the  water  in  the  well  was  as  far  down  as  the  pump  could  lower  it, 
was  0.25  foot,  corresponding  to  a  flow  of  183  gallons  p6r  minute. 
This  maximum  rate  was  very  difficult  to  maintain  for  any  length  of 
time,  because  of  the  temporary  manner  in  which  the  mac^hinery  wa^; 
installed.  The  belt  was  liable  to  slip  and  allow  the  water  to  rise  sev- 
eral feet;  also  the  idle  wheels  at  the  top  of  the  shaft  over  which  the 
belt  ran  were  poorly  mounted,  and  at  times  a  stop  was  necessary  to 
cool  off  a  hot  box  at  that  place. 

The  above  discharge  was  measured  when  the  water  level  in  the  weU 
was  lowered  20.3  feet  by  the  pump.  Dividing  the  discharge  by  the^ 
distance  gives  the  specific  capacity  of  the  well,  or  the  amount  of  wate^ 
furnished  for  1  foot  of  lowering,  as  9  gallons  per  minute.  The  totii.1 
percolating  area  of  well  strainer  exposed  to  the  water  was  85  square 
feet.  From  this  it  appears  that  the  specific  capacity  of  the  wel  J 
strainer  is  0.106  gallon  per  square  foot  per  minute. 

As  this  was  a  test  of  the  ciipacity  of  the  well  only,  and  not  of  tl^  ^ 
pumping  plant,  no  indicator  cards  nor  other  device  was  used  to  g^'^ 
the  efficiency  of  the  plant,  and  no  measure  was  made  of  the  coal  burned  - 
The  mechanical  eflSciency  would  .undoubtedly  have  been  low,  as  ther^ 
was  a  constant  slipping  of  the  belt,  and  the  idle  wheels  were  ho©^" 
made,  running  in  wooden  bearings,  which  were  smoking  constantly. 

The  maximum  lowering  of  the  water  in  the  main  well  was  20.2  feeti^ 
and  the  corresponding  depression  of  the  water  plane,  15  feet  away,  «^ 
indicated  by  the  test  well,  was  3.5  feet.  This  shows  the  steep  slope  o* 
the  water  plane  and  the  comparatively  small  radius  of  the  base  of  th^ 
cone  of  influence. 

Headings  were  taken  of  the  water  level  in  the  main  well  and  the  test^ 
well,  and  the  discharge  was  noted  at  intervals.  The  accompanying 
curve,  fig.  22,  shows  rising  curves  for  the  main  w^ell  and  the  test  ve** 
plotted  together.  A  study  of  the  curve  brings  out  several  facts  that 
might  well  be  expected.  The  rise  of  the  test  w^ell  lags  slightly  behind 
that  of  the  main  well.  The  curve  of  the  main  well  shows  an  irregfl' 
larity  due  to  the  caving  in  of  material  around  the  strainer. 

King  Brothers  contemplate  sinking  20  of  these  wells  in  a  north 
and  >«ohth  line.  The\^  propose  to  connect  them  all  with  a  tunnel  jfl^ 
above  the  water  plane  and  lay  a  main  suction  pipe  in  this  tunnel,  witt 
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stnches  tapping  all  the  wells.  The  pumps  will  be  located  in  the  shaft 
eady  dug,  and  connected  by  a  belt  to  the  power  plant  on  the  surface. 
The  owners  paid  40  cents  a  foot  for  sinking  the  wells  and  furnished 
e  man.  The  price  paid  for  the  15-inch,  No.  16,  iron  casing  was  $1 
•oot.     They  contemplate  using  wooden  casing  in  the  remainder  of 
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Fio.  22.— Rising  curves  for  main  well  and  test  well.  King  Hrothcrs'  plant,  <iattlen,  Kans. 

Ite  Wells.  This  will  be  made  of  pine  himber  1  inch  b\^  3  inches.  It 
nil  take  16  such  boards  to  make  the  circular  casing,  at  a  cost  of  $3.50 
•ei*  hundred  linear  feet  of  lum^>er.  One  man,  at  $1.50,  can  make  and 
crforate  about  25  feet  of  this  casing  in  a  day.  This  would  make  the 
»t  of  wooden  casing  62  cents  per  foot. 
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After  the  tunnels  and  wells  are  dii^  King  Brothers  purpose  to  con- 
tract for  the  installation  of  a  compound  Corliss  engine  and  centrifugal 
pump  at  about  $9,500.  They  expect  the  plant  to  raise  4,000  gallons 
of  water  per  minute,  with  a  60-foot  lift,  this  being  at  the  rate  of 
2,000,000  foot-pounds  per  minute  on  4,8(X)  pounds  of  coal  per  twent}'- 
four  hours.  If  the  coal  contain  12,500  British  thermal  units,  and  if 
the  boiler  efficiency  be  assumed  at  75  per  cent,  engine  13  per  cent,  and 
belt  90  per  cent,  the  pump  would  be  required  to  have  an  efficiency  of 
70  per  cent  to  realize  the  above  expectation.  These  figures  require 
that  the  plant  turn  out  5.9  per  cent  of  the  energy  in  the  fuel  in  the 
form  of  useful  work. 

TEST  OF  CITY  WATERWORKS  WELL,  GARDEN,  KANS. 

The  first  test  began  at  4.25  a.  m.  June  28,  1904,  wbe6  one  pump 
was  started.  The  second  pump  was  started  at  5.50  a.  m.  The  hydrants 
used  in  flushing  the  sewers  were  opened  at  about  7.30  a.  m.  and  closed 
at  10.35  a.  m.  The  east  pump  was  stopped  at  11.15  a.  m.;  the  west 
pump  was  operated  constantly  all  day.  On  account  of  the  flushing  of 
the  sewers  an  exceptionally  large  amount  of  water  was  pumped  during 
this  test. 

Gage  heights  in  the  well  were  read  every  five  minutes,  and  the  num- 
ber of  cycles  of  each  pump  was  recorded  every  tenth  minute  for  the 
ten  preceding  minutes.  The  pumping  machinery  consists  of  two 
compound  steam  duplex  pumps,  with  cylinders  8  inches  by  12  inches* 
which  are  very  old  and  worn.  The  test  was  continued  until  12.^ 
p.  m.  At  8  p.  m.  the  test  was  again  taken  up,  this  being  the  tim® 
when  the  sprinkling  of  lawns  is  stopped.  The  cycles  of  the  engine 
were  counted  and  well  heights  taken  as  before. 

Pumping  is  stopped  at  9  p.  m.  Sprinkling  of  lawns  is  allowed  froi^ 
7  to  11  a.  m.  and  from  4  to  8  p.  m.  Most  of  the  rise  of  water  in  tb« 
well  occurs  before  9  p.  m.,  when  the  pump  is  stopped.  A  plug  W^ 
made  for  the  feeder  and  inserted  July  7,  but  it  did  not  fit  tight  enou^^^ 
to  stop  the  flow.  The  rising  curve  was  taken  July  7  in  the  evenio^ 
and  also  July  8,  when  the  plug  was  driven  down  so  as  to  be  watc^' 
tight.  July  11  the  rising  curve  was  again  taken  when  the  water  w^ 
lower. 

The  well  is  16.2  feet  inside  diameter  and  20  feet  deep.  The  bottof^^ 
is  about  8.9  feet  below  the  normal  level  of  the  ground  water.  Ther^ 
is  a  10-inch  feeder  in  the  bottom  of  the  well,  which  extends  to  a  deptl* 
of  42  feet  below  the  ground  and  about  3  feet  above  the  bottom  of  th^ 
large  well.  It  is  open  at  the  bottom  and  perforated  10  inches  u^ 
from  the  bottom.  The  water  level  is  about  11  feet  below  the  groun^^ 
level. 
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Daia  of  city  waterwarkM  ire//,  Garden^  K<xm, 

Feet. 

of  top  of  well  roof 2,837.26 

\o  top  of  gage 10. 36 

top  to  0 13.25 

23.60 

,  water  normal 8. 72 

levationof  water 2,822.38 

ivel 2,832.00 

Dii  of  l>ottoiii  of  well  2,813.66=0  of  j?aj?p. 


Ttfrte  of  day  P.M. 
Kio.  23. — RMng  curves  for  city  waterworks  well,  (iarden.  Kans. 


ising  curves  obtained  for  this  well  on  June  28,  July  7,  8,  and 
eproduced  in  fig.  28.  Fig.  24  gives  the  engine  cycles  and  ele- 
)f  water  in  the  well  for  several  hours  of  heavy  pumping  on 
^,  1904,  while  the  sewers  were  being  flushed.  The  displace- 
the  two  cylinders  of  one  of  the  pumps  amounts  to  1.362  cubic 
]*he  curve  in  fig.  24  enumenites  the  cycles  of  pumps,  so  that 
1  discharge  of  the  pumps  can  be  obtained,  if  no  allowance  be     | 
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made  for  slip,  by  multiplying  the  number  of  cycles  by  1.362.     Hia 
discharge,  computed  in  this  way,  amounts  to  685  gallons  a  minute. 

The  amount  of  slip  is  enormous.  Using  the  rising  curve  for  JiiiMii| 
28,  we  may  place  H=0.65,  A =0.46,  and  A =204. 5  square  feet  in  thft| 
formula  for  specific  capacity.     This  gives  a  specific  capacity 

<'=53  gallons  a  minute. 

This  result  is  much  below  the  normal  on  account  of  the  excessifB ; 
amount  of  pumping  on  that  day,  due  to  the  flushing  of  sewers.    Tie 
maximum  amount  of  lowering  of  the  water  in  the  well  was  5.48  feet, 


«M      tz.4om^ 


Fig.  24. — Elevation  of  water  in  city  well,  Garden,  Kans..  and  engine  cycles  of  Kteam  pamp  durini 
heavy  pumping  while  flushing  sewers.  June  28, 1904. 

which  occurred  at  10.30  a.  m.,  when  the  pump  cycles  numbered  67  pel 
minute.  Multiplying  5.48  ))y  53,  the  total  discharge  at  that  time  i« 
found  to  be  290  gallons  a  minute.  The  slip  of  the  pump  must  there- 
fore have  amounted  to  57  per  cent  at  this  time. 

Using  the  rising  curve  of  July  7,  the  specific  capacity  of  the  well  is 
found  to  be  67  gallons  a  minute.  The  following  table  shows  th( 
specific  capacities  computed  for  the  several  dates: 

Specifir  capaciti/  of  cilfj  \rnttrworkH  ireU,  (iardeUy  Kans.,  1904' 


RiRing  curve. 


June  28,  8.55  to  9.05  p.  m. 

July  7,  9  to  9.10  p.  m 

Julys,  9  to  9.10  p.  m 

July  11.  9.01  to 9.15 p.m. 


Specific  ca 

paclty  pel 

minute. 


OoiUms. 
h 
6 
7 
9 
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These  results  furnish  interesting  comparisons.  The  low  specific 
apacity  on  June  28  was  obtained  after  the  prolonged  and  excessive 
mumping  for  flushing  of  the  sewers.  There  was  a  light  rain  on  the 
light  of  July  6,  and  a  heavy  rain  on  the  night  of  July  7,  which  influ- 
ineed  both  the  consumption  of  water  in  the  city,  and  in  a  slight  degree 
he  amount  of  ground  water  available. 

On  July  8  and  11  the  feeder  in  the  bottom  of  the  well  was  plugged, 
rhe  plug  did  not  leak,  but  the  casing  of  the  feeder  must  have  leaked 
badly  since  no  influence  upon  the  specific  capacity  of  the  well  can  be 
detected. 

In  Water-Supply  Paper  No.  67,"  a  rising  curvegfor  this  same  well  is 
given,  as  observed  by  Johnson  in  1900.  From  that  curve  it  is  possi- 
ble to  compute  the  specific  capacity  of  the  well  in  1900.  The  follow- 
ing determinations  are  based  upon  various  interv^als  after  pumping  has 
stopped,  as  indicated  in  the  table.  The  specific  capacity  of  a  well 
always  appears  to  be  lower  than  its  true  value,  if  the  very  last  portion 
of  the  rising  curve  be  used,  since  at  this  period  a  large  fraction  of  the 
water  is  being  utilized  in  filling  up  the  ground  around  the  well. 

Specific  capacity  of  city  wfUericorks  v:elly  Garden  ^  KaiiH,^  1900. 


Intervals. 


Spoci  fie  ca- 
pacity per 
minute. 


OaUiin*. 

<>-10minute8 '  73.0 

•^'^minntes |  71.0 

•^^minutes • i  e:6.4 

^minutes # '  63.0 

^^mlnutes |  59.0 

*^nj|nute« .Vi.O 


These  results  seem  to  be  identical  with  those  obtained  in  1904. 

The  average  specific  (capacity  (77  gallons  a  minute)  as  determined  in 
1904  indicates  that  the  maximum  yield  of  the  well,  if  the  water  in  tho 
well  be  lowered  8  feet,  is  615  gallons  a  minute.  The  pumps  in  use  at 
Pi^sent  can  not  pump  much  more  than  half  of  this  amount  of  water  on 
account  of  the  worn  condition  of  pistons  and  cylinders. 

The  total  percolating  surface  of  the  well  bottom  and  strainer  of  tho 
feeder  is  247  square  feet.  From  this  it  can  be  deduced  that  the  spe- 
cific capacity  of  the  well  is  0.31  gallon  a  minute  per  square  foot  of 
percolating  surface. 

•Slkhter,  C.  8.,  The  motions  of  underground  waters:  Water-Sup.  and  Irr.  Pai>er  No.  67,  U.  S.  Geol. 
8'»^y,1902.p.68. 
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A  very  important  attempt  to  recover  water  from  the  underflow  was 
tegun  in  the  1904  season  by  the  owners  of  the  Riverside  stock  ranch, 
about  7  miles  west  of  Garden,  Kans.  A  well  200  feet  long  and  5  feet 
wide,  excavated  to  a  depth  of  9  to  10  feet  below  the  water  plane  was 
constructed  of  she«t  piling,  and  11  galvanized-iron  feeders  were  inserted 
in  the  bottom  of  the  wells  to  a  depth  of  about  20  feet.  A  75-hor8e- 
power  Corliss  engine  with  condenser,  a  90- horsepower  boiler,  and  a 
No.  15  Byron-Jackson  centrifugal  pump  were  put  in  povsition  at  the 
north  end  of  the  well.  Foundations  for  the  engine  and  pump  and 
buildings  to  cover  tHfe  machinery  were  constructed  in  a  very  substan- 
tial manner.  As  soon  as  the  engine  and  pump  are  in  satisfactory 
working  order  it  is  purposed  to  sink  a  large  number  of  additional 
feeders  in  the  bottom  of  the  well  in  the  expectation  of  increasing  its 
capacity  to  6,000  gallons  per  minute.  The  approximate  cost  of  the 
plant  is  about  $8,000  for  machinery  and  $4,000  for  the  well.  Trinidad 
slack  coal  is  used  for  fuel  at  a  cost  of  $4  to  $4.50  per  ton. 

The  construction  of  this  pumping  plant  has  attracted  very  wide 
attention  and  if  it  proves  to  be  a  success  it  will  mean  a  great  deal  for 
the  progress  of  irrigation  in  the  bottom  lands  of  Arkansas  Valley. 
There  is  some  question  whether  6,000  gallons  per  minute  can  be 
obtained  from  the  present  well,  even  with  a  very  large  number  of  addi- 
tional feeders,  but  it  will  be  entirely  pnicticable  to  increase  the  length 
of  the  well  without  very  nmch  additional  expense.  The  present  well, 
with  ten  20-foot  feeders,  16  inches  in  diameter,  would  furnish  about 
6,000  gallons  per  minute,  if  we  can  rely  upon  a  specific  capacity  of 
one-third  gallon  per  minute  for  each  square  foot  of  strainer.  Thii* 
would  require,  however,  the  lowering  of  the  natural  level  of  the  water 
to  a  distance  of  10  feet,  which  is  somewhat  more  than  would  be  best 
for  the  most  economical  running  of  the  plant.  ^ 

Both  suction  and  discharge  pipe  of  the  centrifugal  pump  are  mad© 
of  No.  16  galvanized  iron,  riveted  and  soldered.  A  20-inch  flap  valro 
is  i)laced  at  the  upper  end  of  the  discharge  pipe,  dispensing  with  the 
use  of  a  foot  valve.  The  pump  is  primed  }>efore  starting  by  opening 
a  1-inch  valve  in  a  lead  pipe  from  the  main  pump  to  the  air  punoip. 
When  the  proper  vacuum  is  shown  by  the  gage  the  1-inch  valve  is 
closed  and  the  engine  started. 

A  test  run  of  the  ])lant  was  made  for  five  days,  from  July  18  to  3S, 
1905.  The  engine  was  started  at  the  lowest  speed  at  which  it  would 
work  the  pump  satisfactorilv.  Afti^r  running  at  this  rate  for  forty- 
eight  hours  the  speed  was  increased  until  nearly  the  full  capacity  of 
the  well  had  been  reached. 

The  amount  of  water  pumped  during  the  test  averaged  about  2,300 
gallons  a  minute,  or  5  cubic  f(»et  of  water  a  second.     This  is  equivalent 

n  ActtiHl  tcHt  of  the*  plant^how's  that  this  amount  (►f  water  can  not  be  recovered  witiumt  ■'^tifff^faif  j 
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>  a  daily  discharge  of  10  acre-feet,  or  a  sufficient  amount  of  water  to 
over  10  acres  of  land  1  foot  deep.  As  is  well  known,  the  present  well 
J  not  sufficient!}'  large  to  supply  the  pump  and  engine  with  all  of  the 
rater  that  the}'  are  designed  to  handle;  in  fact,  the  pump  and  engine 
re  capable  of  handling  thr^e  times  the  amount  of  water  at  present 
vailable  for  long-continued  runs.  It  is  expected  that  by  clearing  out 
he  feeders  at  present  in  the  well,  and  by  enlarging  the  well,  the 
rapacity  of  the  plant  will  be  greatly  increased;  but  even  at  the  present 
ow  rate  of  delivery,  and  consequent  rather  low  efficiency  of  the 
naehinery,  the  cost  of  water  delivered  is  comparatively  low. 

The  average  amount  of  coal  consumed  was  2,450  pounds  per  twenty- 
four  hours,  or  about  IJ  tons  per  day.     At  $4  a  ton  the  daily  cost  of 
coal  was  $5  per  twenty -four  hours.     The  cost  of  labor  for  the  day  and 
night  man,  each  at  $1.25  per  day,  makes  the  cost  for  coal  and  labor 
t7.50  per  twenty-four  hours.     The  cost  of  lubricating  oil  and  miscel- 
laneous supplies  may  be  estimated  at  $1  a  da},  making  a  total  cost  of 
18.50  ]wr  twenty-four  hours.     At  this  rate  the  cost  of  water  was  85 
cents  per  acre-foot,  not  including  interest  on  the  plant  nor  any  allow- 
ance for  depreciation  and  repairs  on  the  machinery  and  well.     If  these 
latter  items  be  included,  the  cost  of  water  would  be  very  materially 
increased. 

It  seems,  however,  unfair  to  estimate  these  charges  at  the  present 
time,  as  the  expense  of  erecting  the  plant  was  incurred  on  the  basis  of 
sec^uringa  very  considerably  larger  amount  of  water  than  is  at  presjent 
delivered;  for  that  reason  the  interest  charges  would  be  very  high,  if 
charged  against  the  present  amount.  It  seems  very  probable  that  if 
Ac  supply  of  water  from  the  well  is  sufficiently  increased  the  plant 
will  ultimately  be  capable  of  delivering  water  into  the  ditch  at  a  cost 
not  to  exceed  ^1  per  acre-foot,  including  a  moderate  charge  for  interest 
and  depreciation  on  machinery,  but  not  including  any  profit. 

The  following  tables  show  the  fuel  consumed  and  the  data  obtained 
daring  the  test.     The  well  was  not  of  sufficient  size  to  supply  the 
pump  with  water,  and  toward  the  end  of  the  run  difficulty  was  expe- 
rienced in  operating  the  plant.     Occasionalh'  the  water  became  so  low 
that  air  would  be  taken  into  the  suction  pipe,  and  the  plant  would 
have  to  be  stopped  to  prime  the  pump.     In  order  to  secure  proper 
returns,  it  will  be  necessary  to  enlarge  the  well  to  about  three  times 
its  present  capacity,  otherwise  the  engine  and  pump  will  ])e  entirely 
5oo  large  for  the  well. 
IRR  163—06 6 
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Cofummption  of  coat  at  tefi  of  Ilolttunh  pumping  plant. 

Poun<K 

July  20,  6  a.  m.  to  6.30  p.  m 1,386 

July  20,  6.30  p.  m.  to  July  21,  6.20  a.  ni 1,386 

July  21,  6.20  a.  in.  to  6  p.  m l,i:M 

July  21,  6p.  m.  to  July  22,  6  a.  m.« 1,260 

July  22,  6  a.  m.  to  6.30  p.  m 1,134 

July  22,  6.30  p.  m.  to  July  23,  6.30  a.  m.  & 1,134 

July  23,  6.30  a.  m.  to  2.40  p.  m 832 


8,366 


JkUa  of  te9t  of  Ilfdcomh  pumping  piant, 
[From  7.64  a.  m.,  July  18.  to  2.4U  p.  m..  July  28.] 


Date. 


July  18.. 
July  18.. 
July  18.. 
July  18., 
July  18.. 
July  18. 
July  18. 
July  18. 
July  19. 
July  19. 
July  20. 
July  20. 
July  21. 
July  21. 
July  21. 
July  22. 
July  23. 


Hour. 


I.i«.hanfe  of  fl.«ne  I  Depth  of  j  .ISSllliSS^jr. 

I    water  

Gallons  l^i^^Y"" 

'*nS*°"    P^SltiSli.    EtMfine.   Pum^ 


Cubic- 
feet  per 
second. 


7.54  a.  m.. 

8a.  m 

8.45a.  m.. 
9.30  a.m.. 
11.20  a.m. 
2.25  p.m.. 
4.25  p.m.. 

5  p.  m 

7.15  a.m.. 
9.80n.  m.. 

7  a.  m 

7.45  a.m.. 

6  a.  m 

8  a.  m 

8.20  a.m.. 

7  a.  m 

do.... 


13.33 
7.42 
7.88 
A.  29 
5.87 
5.32 
4.89 
4 
4 


I 


5,980  I 
3^330  I 
3.310 
2.820  i 
2,630  I 
2,380  I 


2.190 
2.090 
2,110 
2,380 
2.090 
2.G10 
'2M0 
2,380 
2,250 
2,310 


I 


I-Wt. 
0 
4.40 
7.28 
7.27 
7.44 
7.61 
7.61 
7.62 
7.80 
7.74 
7.87 
8.40 
8.50 
9.50 
9.58 
9.80 
9.00 


01 
76 
7S 
7Z 
78 
73  ; 

73 ; 

78  I 

781 

72 

74 

75 

74 

77 

77 

76 

77 


0 
8-iC? 

1^ 


TEST  OF  PRODUCER-GAS  PUMPING  PLANT  NEAR  ROCKY  FORD, 

COLO. 

The  future  of  irri^ition  in  the  l)ott()in  hinds  of  Arkansas  Valley 
will  bi»,  greatly  influenced  by  the  cost  of  power  for  pumping  ^.vater. 
One  of  the  pos^sible  ways  of  cutting  down  this  cost  is  by  the  use  of 
proilueer-gas  in  gas  engines,  jw  mentioned  in  Chapter  V. 

A  85-horsepower  producer-gas  plant  has  l)een  installed  by  Mr.  A.  W. 
Shelton,  about  6  miles  northeast  of  Rocky  Ford,  C^/olo.  It  consists  of 
a  4(.)-hor8epowcr  Pintsch  suction  gas  producer,  a  85-horsepower  single- 
cylinder  gas  engine,  and  a  Ir^-inch  Byron- Jackson  vertical-shaft  cen- 
trifugal pump.  The  water  is  pumped  from  a  canal  through  15-inch 
concrete  tile  (200  feet  of  intake  and  3(K)  feet  of  discharge)  to  an  elev»* 


o  stopped  35  minutes. 


<>Stoi>pe<l  36  minutes. 
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tion  of  16  feet  above  the  level  of  the  water  in  the  canal,  called  the  first 
discharge,  and  at  another  point  to  an  elevation  of  28  feet  above  the 
level  of  the  water  in  the  canal,  called  the  second  discharge. 

A  test  was  made  of  this  plant,  extending  from  December  2  to  6, 
1905.  The  results  of  the  test  of  the  engine  and  producer-gas  appara- 
tus are  given  herewith.  Unfortunately  the  cement-discharge  pipe 
gave  out  when  the  plant  was  first  started,  so  that  water  could  not  be 
pumped  during  the  test,  and  the  hydraulic  data  for  this  plant  are 
therefore  not  available. 

In  connection  with  the  generation  of  the  gas  a  vaporizer,  scrubber, 
and  purifier  are  used.  Water  is  evaporated  at  atmospheric  pressure 
to  generate  the  steam  required  in  the  producer.  The  vaporizer  is 
located  directly  on  top  of  the  producer.  The  scrubber  is  of  the  form 
in  which  a  spray  of  water  trickles  down  through  coke,  the  water  run- 
ning out  at  the  bottom  of  the  scrubber.  After  being  scrubbed  the 
gas  passes  through  a  purifier  box,  next  through  a  gas  governor,  and 
then  to  the  engine. 

The  engine  used  was  one  of  the  Olds  gasoline  type,  somewhat  modi- 
fied for  the  use  of  producer-gas.     The  engine  governor  was  not  the 
one  belonging  to  the  engine. 
A  belt  was  connected  from  a  30-inch  pulley  on  the  engine  to  a  pulley 
•    on  the  vertical  shaft  of  the  centrifugal  pump.     A  clutch  at  the  engine 
shaft  allowed  the  pump  to  be  disconnected  at  will. 

A  small  pulley,  fastened  to  the  shaft  opposite  the  pulley  end,  carried 
a  belt  which  drove  a  3  by  5  inch  ^' Baker"  feed- water  pump.  This 
pump,  making  about  45  revolutions  a  minute,  drew  water  from  the 
well  and  discharged  it  into  a  3  b}^  8  feet  by  30  inches  storage  tank 
near  the  roof  of  the  building  and  above  the  producer.  A  pipe  leading 
from  the  bottom  of  this  tank  furnished  all  the  water  used  to  operate 
the  plant,  viz,  Water  for  the  engine  jacket,  steam,  and  scrubber. 
During  the  brake  tests  it  also  supplied  cooling  water  for  the  brake. 
The  water,  after  being  used,  passed  through  the  seals  and  then  into 
the  well  from  which  it  was  drawn. 

Prdimmary  brake  teM$  of  gas  engine  at  pumping  plant  of  A.  W.  Sheliony  near  Rocky  Ford^ 

Colo.,  December  4,  1905. 


1 

!    Maxi- 

Maxi- 

1 

Mean  ef- 

1    mum 

mum 

Net 

Speed,  in 
revolu- 
tions per 
minute. 

Explo- 

fective 
pressure. 

Brake 

Mechan- ,  prewure 
Indieat-  '  icalelH-  ,of  explo- 

pressure 
of  com- 

Te*rt. 

lottd,in 

sions  per 

in  poundn 

horse- 

ed horse- !   ciency      mIou,  in 

pression, 

pounds 

minute. 

per 

power. 

power.   1     (per      ,  pounds 

in  pounds 

square 

'    cent).          per 

per 

incl). 

'                 1  square 
1                 1    *"^^- 

square 
inch. 

1  

151 
169 
174 

199 
200 
199 

99.6 

100.0 

99.5 

44.0 
45.6 
50.0 

26.7 
80.0 
80.7 

34.0 
85.4 

78.5             225 
84.9  1            285 

140 

*-• 

2     

133 

•     

38.7  1          79.4  '            235 

148 

1 
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Diameter  of  piston 14  inchei 

Length  of  stroke 20  incbei 

Length  of  brake  arm 66  inchei 

T>    u         ^    \     2x?rX56  ^^^^_^ 

Brake  con6tant=  19^33000  ~ 00088 

T.^     •  »*     *    20X«'X14X14  _^_,- 

Lngine  con8tant=  12X4X33000  "^ 00778 

Brake  hor8epower=....... Net  load X Speed X    .00088 

Indicated  horsepower  = Mean  effective  pressure  X  Explosions  X      .  00778 

,,■  .    ,    «,  .  Brake  horsepower 

Mechanical  efficiency =1-^;^^^  hoi^jiS^r- 

Indicator  spring,  pounds  per  square  inch, =160  for  Test  No.  1,  250  for  Test  No.  2,  bdh 
250  for  Test  No.  3. 

Of  the  gas  producer  a  test  of  three  hours'  duration  was  made.  Th< 
gas  governor  was  not  in  operation.  The  producer  was  filled  with  coa 
at  the  beginning,  as  well  as  at  the  end  of  the  run.  As  the  engine  wai 
not  operating  well  the  load  had  to  be  taken  off  for  a  time. 

Te9t  of  gas  producer  at  pumping  plant  of  A.  TK  Shflton,  near  Rocky  Ford,  Colo.y 

December  4t  1905, 


Time. 

Net 
brake 
load. 

Revolu- 
tions 

per  min- 
ute. 

Explo- 
sions per 
minute. 

Temperature 

op. 

Coal. 

Jacket  water. 

Enter- !  Leav-  i  d_„^^ 
ing.    1    ing.    i^^^^^- 

Engine 
room. 

Out- 
side 
air. 

P.m. 

Pounds. 

1 

Pounds 

1.85 

181 

2W 

102 

45 

154    i      109 

60 

60 

1.50 

181 

208 

104 

45 

160    '      115 

60 

50 

2.05 
2.20 

181 
181 

166    1 

165    1      120 

60 
64 

49 

48 

206 

108 

45 

2.85, 

181 

206 

103 

45 

165           120 

64 

48 

24 

2.60 

181 

206 

103 

45 

208    ,      168 

64 

47 

24 

3.05 
8.20 
8.35 

Load 

partly 

off. 

181 
181 
181 

2M 
202 



102 
101 

45 
45 

208           163 




46 

46 

45 

44 

48  . 

42 

41 

17 
18 

21 

, 1 

8.50 

1        1 

4.05 
4.20 

213 
220 

117 
110 

45 
45 
45 

1 

1 

1. 

4.35 

1 

1 1 



Av 

Total . . 

125 

207 

\{3S) 

45 

175    1      132 

62 

46 

"ioi* 

1               1               !            :            1 

Summary  of  test  of  gas  producer  at  pumping  plant  of  A.  W.  Shelton,  near  Rocky  Fbr 

Colo.y  December  4,  J 905. 

Duration  of  test 3  hours. 

Net  brake  load  (maximum) 181  ix)nnd8. 

Net  brake  load  (average) 125  pounds. 

Revolutions  per  minute  (average) 207. 

Explosions  per  minute  (average) 105. 

Temperature  of  water  entering  jacket  (average) 45°  F. 

Temperature  of  water  leaving  jacket  (average) 175°  F. 

Range  of  jacket-water  temperature 132°  F. 
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Tempentnre  of  en^ne  room  (average) 62®  F. 

Tempentare  of  outside  air  (average) 46®  F. 

Total  coal  consamed 104  pounds. 

FlKSure  maximum  explosion 258  i)ound8  per  square  inch. 

Pltsore  maximum  compression 145  pounds  per  square  inch. 

Piwrare,  BQction  at  exit  of  producer 2  intrhes  water. 

Ptasare,  suction  at  exit  of  scrubber ^ 2.125  inches  water. 

hoBure, suction  at  exit  of  purifier 2.25  inches  water. 

Preanu^,  mean  effective 51.6  pounds  per  square  in<'h. 

Indicated  horsepower  (51.6X  105 X. 00778)= 42.2. 

Bnke  howepower  ( maximum)  =  (  181  X207X.0008H8)  =  ...33.2. 

B«ke horsepower  (average)  =  (125X 207 X.0008.S8)= 22.9. 

33.2 
Mechanical  efficiency  (maximum)  ja-o 78.9  per  vent 

22.9 
Mechanical  efficiency  (average)  ts-^ •*>^-2  }>er  t«nt. 

Poanda  of  coal  per  brake  horsepower  per  hour,  based  on 

C104    N 
3y^  2  J ^'^' 

Poandd  of  coal  per  brake  horsepower  per  hour,  luined  on 

(104    \ 
3X22  9/ ^'^^' 

TfMofgas  nigine  at  pumping  plant  of  A.  W.  Shelton,  near  H<n^ky  Ford^  Coio.^  as  shown 
hy  sample  indicator  card. 

Daration  of  test  ( 10  a,  m.  to  5  p.  m. ) 7  hours. 

Rated  horsepower  of  engine. :i5. 

Weight  of  engine 1 11 ,000  iKJunda. 

Mean  effective  pressure  (average  of  54  canls) « 43.7  iH)un<lH  |>ers<|uare  inch. 

Indiiator  spring 160  pounds  pt?r  8<iuare  inch. 

Load  on  brake 1 75  poundH. 

fievolutions  per  minute 201 .6. 

Explosions  per  minute 100.8. 

Brake  horsepower  ( 175X201.6X .000888) 31.4. 

Iiidicate<l  horsepower  (43. 7 X 100. 8 X. 00778) 'MM 

Mechanical  efficiency^  gi'o  J « 91 .5  |K*r  cent. 

Kind  of  producer IMntsch. 

Producer  rated  horsei:)Ower 40. 

Temperature  of  water  entering  jacket 49. 8°  F. 

Temperature  of  water  leaving  jacket l(ir).s°  F. 

Range  of  jacket-water  temj)erature 11H°  F. 

Temperature  of  outside  air 4<>.8°  F. 

Temperature  of  engine  room 72.0°  F. 

PresBure  of  maximum  explosion 2(M3  pouiidH  j^r  wjuare  in(!h. 

Pressure  of  maximum  compresnion 150  poundH  per  wjuare  inch. 

Pressure  of  maximum  steam Atmospheric. 

Pressure  of  maxinmm  suction  at  prcKlucer  exit 2.2  inches  water. 

Pressure  of  maximum  suction  at  8crul)ber  exit 2.2  inches  water. 

Pressure  of  maximum  suction  at  purifier  exit 2.4  inches  water. 


«»The  high  mechanical  efficiency  is  probnbly  tluo  to  im  error  in  the  indioated  horHcpower.  The 
mean  effective  preMSure  appears  to  be  Um  low.  The  reducing  motion  used  wan  made  of  wood  and  had 
become  conaidenbly  worn  when  this  test  was  made. 


86  UNDERFLOW  IN  ABKANSAS  VALLEY,  WESTERN  KANSAS. 

Data  concerning  coal  uned  in  teM  of  producer-gas  pumping  plant  of  A.  W.  Shelion^  near 

Rocky  Ford,  Colo. 

Kind - Colorado  anthracite,  Floresta  mine. 

Cost  at  plant  per  ton $6. 

Size Pea. 

Total  quantity  fired 325  pounds. 

Total  refuse  (clinkers,  ash,  and  uifibumed  coal) .  66  pounds. 

Total  clinkers 5  pounds. 

Total  unbumed  coal 43  pounds. 

Total  ash  (siftings)  18  pounds. 

Calorific  value  of  coal  per  iK)und 13,850  B.  T.  U. 

Pounds  of  coal  per  brake  horsei^ower  per  hour, 
as  fired  and  uncorrected  for  unbumed  coal  in 

'^''^(t^) ^■*^- 

Pounds  of  coal  per  brake  horsepower  per  hour 
(corrected  for  unbumed  coal  in  refuse) 1. 24. 

Approximate  analyais  of  coal  used  at  producer-gas  pumping  plant  of  A,  W.  SheUon^  near 

Rocky  Ford,  Colo. 

Percent. 

Moisture 2.2 

Volatile  matter 7. 6 

Fixed  carbon 83.8 

Ash 6.4 

Water  used  per  hour  in  producer-gas  ptimjring  plant  of  A.  }V.  Shdton,  near  Rodky  Ford^ 

Colo. 

Pounds. 

By  jacket 1,200 

By  brake 830 

By  scrubber  (approximately) 1, 300 

By  vaporizer 16 

Efficiencies  at  various  loads  of  producer  gas  pumping  plant  of  A.  W,  Shdton,  neetr  Rocky 
Ford,  Colo.;  test  of  JJerember  6,  1905. 


Time. 


9.50 
10.13 
10.42 
11.06 
11.80 
12.25 
1.18 
1.40 
2.00 


Net 
brake 
load 

(Ib8.). 


Revo- 
lutions 
per 
min- 
ute. 

.1 


Explo- 1 

'    KioilS    I 

1     per 
,  min-   1 
;    lite. 


27 
50 
75, 
100  1 
125  1 
150  ' 
175  ; 
200  I 
215  I 
a225  I. 


205  I 

■^1 

203  I 
203  ; 
203  ' 
199  I 

201  I 
189  I 
178  I 


Jacket  water. 
Temperatures. 


I 


45.0 
52.2 
59.4 
69.3 
83.0 
96.0 
100.5 
95.0 
89.0 


I  Inlet. 

44  I 

44  I 

42' 

42 ; 

42  ' 

I 

42  I 

42  1 


«-|HlUn«e. 


104  ! 
107  ' 

112  I 
117, 
128  \ 
136  j 
145  I 
140  I 
14H  I 


Pounds 
per 
hour. 


60 
63 
70 
75 

S4| 
941 

103 
98 

106 


Mean 
elTectlve 
pressure 
(pound8 

per 
square 
inch). 


.-A    I 


1.260 
1,.')70 
1,300 
1,340 
1,340 
1,570 
1,570 
1,570 


Indi- 
(^ated 
horse- 
I>ower. 


44.1  I 

41.1  ; 

44.9  i 
44.1  I 
43.7  I 
42.4  I 
39.9  i 
39.9  j 
41.3  ! 


15.4 
17.9 
20.7 
23.8 
28.2 
31.6 
81.2 
29.5 
28.6 


Brake 
hofw 
power. 


Mechan- 
ical effi- 
ciency 
(per 
cent). 


4.9 
9.0 
IS.  5 
18.0 
22.5 
26.5 
31.2 
83.6 
88.9 


.1. 


,.._!.     .  _  _L_.       I 

a£iiKine  would  not  carry  load. 


I 


80.0 
50.2 
65.2 
75.6 
72,8 
88.8 


bfiTAU^  OP  TESTS  OP  PUMPING  PLANTS. 
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'S  of  goM  from  gas  producer  at  pumping  plant  of  A,  W.  Shelton,  near  Rocky  Fbrd^ 

Colo. 


1 
Percent  1 

COi 

6.3 

0 

CO 

CH4 

H 

N 

1.0 : 

23.2 
0.0    ' 
18.6    i 
60.9    1 

100        1 

1 

B.T.U.per 
100  cukuc 
feet  of  ga» 
at60°F. 


7,613 
6,107 

13,620 


^ill  be  observed  from  the  results  obtained  in  the  test  that  1.24 
ds  of  coal  per  hour  produced  1  brnke  horsepower.  At  $6  a  ton 
ost  of  fuel  was  therefore  three-eighths  of  a  cent  per  brake-horse- 
r  hour.  At  this  rate  power  was  obtained  at  a  cost  for  fuel 
alent  to  gasoline  at  3  cents  per  gallon.  One-half  cent  per  brake- 
power  hour  for  labor  and  five-eighths  cent  per  brake-horse- 
r  hour  for  supplies,  depreciation,  and  repairs  should  cover  all 
charges.  The  total  cost  of  power  should  not  exceed,  there- 
in cents  per  brake-horsepower  hour,  or  about  $4.50  per  day  of 
ours,  for  the  present  plant.  In  this  length  of  time  the  plant 
d  furnish  about  8  acre-feet  of  water  on  the  16-foot  lift,  or  at  a 
►f  about  68  cents  per  acre-foot. 

i  first  cost  of  the  pumping  plant  in  round  numbers,  was  $3,300 
le  producer,  engine,  and  pump;  $200  for  the  building,  and  $1,500 
le  intake  and  discharge  pipe  and  flumes. 
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AUuIiiiity,  measurements  of 4.")  47 

Analyaes  of  ground  water 4.V47, 49  .W 

Arkanfi&s    River,    cross  section  of,   flgure 

ahowtni^ 23 

narrows  of,  measurements  at 22-24 

valley  of,  topography  of 7 

wells  in.  water  of,  quality  of 49-50 

watOT-  of,  gain  and  loss  of 31,41^2 

height  of 28-13 

figures  showing 29, 32, 38, 43,  .'52 

water  of.  temperature  of 12 

Barometric    pressure,    relations   of    water 

table  and 32  34 

relations    of    water   table   and,    figure 

showing 33 

Hear  Creek,  character  of JO 

water  from 21,.'>3  M 

Catchment  area,  location  of .'> 

Clear  Lake.  Kans..  character  of 18-19 

location  of 1« 

map  of  vicinity  of 19 

underflow  stations  at,  meaflurement.*!  at.  20  21 

water  supply  from 18,21 

Colorado,  coal  from,  use  of,  for  fuel 6 

origin  of  ground  water  in 51 

Deerfield.  Kans.,  evaporation  at 43-44 

groimd  water  at,  fluctuations  of. . .  31, 42-14, 54 

rainfall  at 44 

river  at,  height  of,  figure  showing .W 

underflow  at,  analyses  of 47 

underflow  stations  at,  location  of,  map 

showing 17 

measurements  at 16 

Diesezn,  I.  L.,  pumping  plant  of.  data  on. . .  5.')-0.5 

I>odge,  Kans.,  rainfall  at 54 

sand  kills  near 7 

Evaporation,  measurements  of 43-14 

Field  work,  character  and  extent  of 5. 7 

Floods,  influence  of,  on  ground  wat<»r  ...  5. 1 112, 

14,28-34,39  40 

Sfjurce  of 53 

Fulmer.    Nathan,  pumping    plant  of.  cost 

of 70 

pumping  plant  of,  data  on 5.>-r>6.  (W 

tests  of 67  70 

well  of,  character  of 57, 67  ^>8 

rise  of  water  in,  figure  showing m 

Gtirden,  Kans.,  cross  section  near,   figure 

showing II 

gravel  near,  character  of 10-11 

ground  water  at,  fluctuations  of 26-30. 54 

rainfall  at 30,38-39. 54 

figures  showing 52, 5;i 


Page. 

Garden,  Kans.,  rock  under,  depth  to 51 

nm-ofl"  at 6 

underflow  near 6 

analyses  of 45-46 

solids  in,  flgure  showing 11 

underflow   stations   near,   location  of, 

map  showing 9 

measurements  at 7-13 

waterworks  of,  pumping  plant  of,  data 

on 55^56,76 

pumping  plant  of,  tests  of 76-79 

well  of,  character  of 76, 79 

rise  of  water  in.  figures  showing 77, 78 

Gasoline,  use  of,  for  fuel . . .  0,55,57,63,65-67,69,72 

Oas-produwr  jilant.  test  of 84-87 

use  of 6,57-58 

Gravels,  character  of 10-11, 13 

depth  of 51.56 

Ground  water.    See  I'nderflow. 

Hartland,  Kans.,  underflow  stations  near, 

location  of.  map  showing 22 

underflow  stations  near,  measurements 

at 20-21,24 

Hedge,  11.  K.,  aid  of 18 

High  PluiiiH.  character  of 52 

Uolcomh,  H.  B..  pumping  plant  of,  cost  of...  80-«l 

pumping  iilant  of,  tlata  on .Vi  '»6.80 

tests  of 80-82 

well  of,  t'hflractor  of 80 

Johnson.  W.  I).,  on  ponds  on  High  Plains. .        20 

Kan.sas  oil,  use  of,  for  fuel 6.57 

King  Brothors.  punifung  piiint  of,  cost  of . .        76 

pumping  plant  of,  data  <m .'V5-56, 73 

tosts  of 73-76 

well  of,  chaructor  of 73-74 

rise  of  water  in.  figure  sliowing  ....        75 

Kipp.  11.  S..  pumping  plant  of.  data  on 55-56 

I.akin.  Kans..  pumping  plant  near 70 

Logan,    D.    H..    pumping    i)lant    of,    data 

on 5.5-.'>6,  .'59-60 

pumping  plant  of.  tests  of 59-62 

well  of.  clia  raotor  of 57, 61-62 

rise  of  water  in,  figure  showing  ....        01 
McKinnoy.  J.  H..  pumping  plant  of.  data  on.  55-56 

Owen.  Hay,  work  of 5 

Producer  gas.    Ser  (Jas-producing  engines. 

I'umping,  cost  of 57-58, 60,  a3, 6.5-67, 69. 72. 87 

Pumping  plants,  power  for 6 

tests  of,  details  of 59^7 

summary  of 55-58 

See  also  individual  plants. 

Rainfall,  amount  of 25-26, 54 

effect  of 5,28-30,34 
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Richtcr,  Mrs.  M.,  pumping  plant  of,  data 

on 55-56,62,65 

pumping  plant  ol,  tests  of 62-65 

well  of,  character  of 57-62 

fluctuations  In 26,34 

rise  of  water  in,  flgure  showing 64 

Rocky  Ford,  Colo.,  producer-gas  pumping 
plant  near.  See  Shelton,  A.  W., 
pumping  plant  of. 

Root,  J.  N.,  pumping  plant  of,  cost  of 73 

pumping  plant  of,  data  on 55-56. 70 

tests  of 70-73 

well  of,  character  of 57, 70-71 

rise  of  water  in,  figure  showing 72 

Run-ofT,  absence  of 6, 54 

Sand  hills,  catchment  area  in 5, 16, 51 ,  54 

location  of 7 

wells  on,  water  of,  quality  of 49 

Sexton,  C.  E.,  pumping  plant  of^  data  on.  55, 56, 65 

pumping  plant  ol,  tests  eft 65-67 

wen  of,  character  of 57,65-67 

Shelton,  A.  W.,  pumping  plant   of,  data 

on 82-84 

pumping  plant  01,   gas  from,  analysis 

of 87 

tests  of 82-87 

Sherlock,  Kans.,  cross  section  near,  flgure 

showing 15 

ground  water  at,  fluctuations  of. .  31,33,35-42  ! 

fluctuations  of,  figures  showing 38, 40  I 

rainfall  at 38-39  i 

underflow  at,  analyses  of 46  , 

underflow  stations  at,  location  of,  map 

showing 14  \ 

measurements  at 13  I 


P«»6. 
Sherlock  Bridge,  water  at,  height  of,  figure 

showing 52 

Silt,  occurrence  of 10 

Smith,  L.  E.,  pumping  plant  of,  data  on . . .   55-M 

Speciflc  capacity  of  wells 56-57 

Temperatures,  relative,  of  ground  and  river 

water 13 

Underflow,  analyses  of 45-47, 4f^-AI 

chemical  composition  of 4540 

variations  in 5,  l^li,  Ifl 

conclusions  concerning 5-* 

direction  of 10. 1 1, 13, 15-18,21,M 

extent  of 5,  S4 

influence  of  floods  on. . .  5, 11-12, 14, 2S-34,aMO 

influence  of  rains  on 5, 28-30,91 

level  of,  flgure  showing 29 

fluctuations  of 25-44 

solids  in,  amount  of 5,45-00 

variation  in 5.47-18 

flgure  showing 47 

source  of 51-64 

temperature  of 12 

velocity  of 5, 10. 13, 16-17,21,24,54 

Water  plane,  map  of,  flgure  showing 8 

slope  of 5-7 

figure  showing 11 

WeUs,  character  of S6n57 

specific  capacity  of 56-57 

water  of,  quality  of 49^ 

yield  of 6 

See  also  individual  pumping  plants. 

White  Woman  Creek,  flow  of 53-54 

Whitney  electrolytic  bridge,  use  of 4fi 

use  of,  results  of,  figure  showing 47 

Wolff,  H.  C,  work  of 5,28 


OSSIFICATION  OP  THE  PUBUCATIONS  OP  THE  UNITED  STATES  GEOLOGICAL 

SURVEY. 

[Water-supply  Paper  No.  158.] 
lie  serial  pablications  of  the  United  States  Geological  Survey  consist  of  (1 )  Annual 
;>ort8,  (2)  Monographs,  (3)  Professional  Papers,  (4)  Bulletins,  (5)  Mineral 
lources,  (6)  Water-Supply  and  Irrigation  Papers,  (7)  Topographic  Atlas  of  United 
tes — folios  and  separate  sheets  thereof,  (8)  Geologic  Atlas  of  the  United  States — 
08  thereof.  The  clasBes  numbered  2,  7,  and  8  are  sold  at  cost  of  publication;  the 
en  are  distributed  free.  A  circular  giving  complete  lists  may  be  had  on  application . 
lost  of  the  above  publications  may  be  obtained  or  consulted  in  the  following  ways: 
.  A  limited  number  are  delivered  to  the  Director  of  the  Survey,  from  whom  they 
y  be  obtained,  free  of  charge  (except  classes  2,  7,  and  8),  on  application. 
.  A  certain  number  are  delivered  to  Senators  and  Representatives  in  Congress 
distribution. 

.  Other  copies  are  deposited  with  the  Superintendent  of  Documents,  Washington, 
C,  from  whom  they  may  be  had  at  prices  slightly  above  cost. 
.  Copies  of  all  Government  publications  are  furnished  to  the  principal  public 
-aries  in  the  large  cities  throughout  the  United  States,  where  they  may  be  con- 
bed  by  those  interested. 

Jhe  Professional  Papers,  Bulletins,  and  Water-Supply  Papers  treat  of  a  variety  of 
ijects,  and  the  total  number  issued  is  lai^.  They  have  therefore  been  classified 
3  the  following  series:  A,  Economic  geology;  B,  Descriptive  geology;  C,  System- 
'  ge<>logy  *n<i  paleontology;  D,  Petrography  and  mineralogy;  E,  Chemistry  and 
rsics;  F,  Geography;  G,  Miscellaneous;  H,  Forestry;  I,  Irrigation;  J,  Water  stor- 
;  K,  Pumping  water;  L,  Quality  of  water;  M,  General  hydrographic  investiga- 
is;  N,  Water  power;  O,  Underground  waters;  P,  Hydrographic  progress  reports. 
is  paper  is  the  twelfth  in  Series  K  and  the  fiftieth  in  Series  O,  the  complete  lists 
irhich  follow  (PP^Professional  Paper;  B=Bulletin;  WS=Water-Supply  Paper): 

SERIES  K,  PUMPING  WATER. 

1.  Pumping  water  lor  irrigation,  by  H.  M.  Wilson.    1896.    57  pp..  9  pis.    (Out  of  stock.) 
8.  Windmills  for  Irrigation,  by  E.  C.  Murphy.    1897.    49  pp.,  8  pis.    (Out  of  stock.) 
14.  New  tests  of  certain  pumps  and  water  lifts  u.sed  in  irrigation,  by  O.  P.  Hood.    1896.    91  pp., 

Ipl.    (Outofttock.) 
ao.  Experiments  with  windmills,  by  T.  O.  Perry.    1899.    97  pp.,  12  pis.    (Out  of  stock.) 
29.  Wella  and  wlBdminfi in  Nebraska,  by  E.  H.  Barbour.    1899.    85  pp.,  27  pis.    (Out  of  stock.) 

41.  The  windmill;  its  efficiency  and  economic  uw,  Pt.  I,  by  E.  C.  Murphy.    1901.    72  pp.,  14  pis. 

(Out  of  stock.) 

42.  The  windmill,  Pt  II  (continuation  of  No.  41).    1901.    73-147  pp.,  15-16  pis.    (Out  of  stock.) 
91.  Kataral  features  and  economic  development  of  Sandusky,  Maumee,  Muskingum,  and  Miami 

drainage  areas  in  Ohio,  by  B.  H.  Flynn  and  M.  8.  Flynn.    1904.    130  pp. 
U7.  The  lignite  of  North  Dakota  and  its  relation  to  irrigation,  by  F.  A.  Wilder.    1905.    59  pp., 

8  pis. 
IX.  Underground  waters  of  Salt  River  Valley,  Arizona,  by  W.  T.  Lee.    19a5.    196  pp..  28  pis. 
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GEOLOGY  AND  WATER  RESOURCES  OF  THE  EASTERN 
PORTION  OF  THE  PANHANDLE  OF  TEXAS. 


By  Charles  N.  Gould. 


INTRODUCTION. 

Area  cornered, — The  area  described  in  this  report  lies  in  the  north- 
eastern part  of  the  Texas  Panhandle,  and  includes  the  following  12 
coiinties:  Upscomb,  Ochiltree,  Hansford,  Hutchinson,  Roberts, 
Hemphill,  AVheeler,  Gray,  Carson,  Armstrong,  Donley,  and  Collings- 
worth, each  of  which  is  approximately  30  miles  square.  It  is  an  area 
^  miles  east  and  west  and  120  miles  north  and  south,  situated  south 
0^  the  center  of  the  Great  Plains.  The  total  area  is  approximately 
10^800  square  miles.  It  extends  from  100°  to  101°  35'  west  longitude 
f^ca  from  34°  45'  to  36°  30'  north  latitude.  On  the  north  and  east 
1^  is  adjoined  by  Oklahoma. 

Sources  of  data. — The  field  work  upon  which  this  report  is  based 
^^«done  during  the  years  1903  and  1904.     During  the  former  season 
^*^^le  more  was  accomplished  than  a  general  reconnaissance  in  the 
^gion  adjacent  to  Canadian  River,  through  Carson,  Hutchinson, 
^berts,  and  Hemphill  counties  to  the  Oklahoma  line,  thence  south 
turough  Hemphill,  \Mieeler,  and  Collingsworth  counties  as  far  as 
51ni  Fork  of  Red  River.     On  this  trip  the  writer  was  assisted  by 
Messrs.  Charles  T.  Kirk,  Chester  X,  Reeds,  Charles  A.  Long,  and 
Pierce  Larkin,  students  in  the  University  of  Oklahoma.     During  the 
field  season  of  1904  the  writer  made  an  examination  of  the  area  to 
which  this  report  relates,  assisted  by  Prof.  E.  G.  AVoodruff.    Most  of 
the  counties  were  studied  in  detail,  excepting  on  the  broader  plains 
«reas,  of  which  only  a  reconnaissance  was  made.    The  well  records 
were  mostly  secured  from  farmers  and  ranchmen  by  correspondence. 
Professor  Woodruff  has  assisted   in  the  preparation  of  the  manu- 
script, "Topography"  and  "AVater  conditions  by  counties"  l>eing 
principally  his  work. 


O  EASTERN    PANHANDLE   OF   TEXAS. 

TOPOGRAPHY. 
GENERAL  FEATURES. 

The  region  here  described  lies  in  the  southern  part  of  the  Great 
Plains.  Its  general  slope  is  to  the  east,  with  only  a  slight  gradient 
to  the  south.  The  topography  is  properly  divisible  into  two  classes— 
the  High  Plains  and  the  eroded  plains — with  local  modifications  pro- 
duced by  dune  sands.  A  third  and  more  local  phase  is  found  in  the 
river  flood  plains.  The  location  is  shown  on  PI.  I,  and  the  general 
features  are  indicated  in  the  two  general  cross  sections  of  the  Great 
Plains  shown  on  PI.  II,  and  on  PI.  Ill,  which  includes  the  general 
region  of  the  High  Plains. 

HIGH  PLAINS. 

Surface  features, — The  region  here  treated  as  the  High  Plains  in-    i 
eludes  not  only  the  northern  portion  of  the  Llano  Estacado  or  Staked    | 
Plains  of  Texas  and  New  Mexico,  but  also  the  high,  level  plains  in  the 
region  north  of  Canadian  River.     It  seems  probable  that  this  ar^^ 
was  once  a  great  plain  extending  far  to  the  east,  with  moderate  slop^ 
covered  by  the  deposits  of  the  meandering  rivers  which  were  flo^"' 
ing  from  the  mountains  and  depositing  their  load  of  sediment.    35 
this  deposition  of  material  the  stream  beds  were  filled  and  the  wat^^ 
forced  to  a  new  channel.     By  continued  shifting  of  streams,  irregulj^^ 
layers  were  deposited  with  much  less  uniform  bedding  than  those  o^ 
marine  deposition.    It  is  thought  that  the  material  composing  tb^^ 
High  Plains  was  laid  down  in  this  way  upon  the  red  beds,  the  basj^^ 
formation  in  this  region. 

In  later  times  the  High  Plains  have  been  extensively  cut  into  l>y 
stream  erosion,  until  at  present,  in  the  region  under  discussion,  tb^^ 
original  level  surface  remains  only  in  those  localities  more  remote 
from  the  larger  valleys.     From  a  geological  standpoint  the  erosion  o^ 
the  High  Plains  has  been  rapid  and  is  still  vigorously  in  progrcs^- 
In  the  region  comprised  in  this  report  High  Plains  constitute  po^' 
tions  of  the  following  counties:  AVestern  Lipscomb,  most  of  Ochiltf^^ 
and  Hansford,  southwestern  Hemphill,  southern  Roberts,  northwe^^' 
ern  Hutchinson,  western  (iray,  nearly  all  of  Carson,  and  portions   ^ 
Donley  and   Armstrong,  inchiding  the  greater  i)art  of  the  regi^^^ 
mapped  as  Tertiary  on  PI.  V,  an  area  of  approxunately  4,000  squa^ 
miles. 

In  general  the  surface  of  the  High  Plains  is  so  nearly  level  th^^ 
railroads  require  little  or  no  grading,  and  wagon  roads  go  direct! ^^ 
from  point  to  point.  With  a  surface  so  nearly  level  drainage  i  ^ 
wholly  undeveloped.  Rain  water  can  not  run  off,  but  either  evapo^ 
rates  or  collects  in  broad,  shallow  depressions,  known  in  some  locali-^ 


J9piCltS 


m 


i 

ft 

M 

JW/7  lW/«^  MJU  If  I'l  I  ///' 

mm 


•«« 


•«6 


.^6 


,3G 


,66 


O 

H 
h 


,00i 


r 


,JOC 


.30> 


.COI 


1^ 


■.v^oi^jffS 


m 


pjfyj*un}i]\ 


Attiixaj,/ 


tali 

m 
I? 

It!? 


.fl« 


:i« 


.101    ^ 


u^Ql 


.^01 


,vOi 


»?0i 


I 

o 

z 


z 
o 


o 


o 
o 


z 
o 


o 
o 

-J 
o 


I 


TOPOGRAPHY.  9 

ties  as  plaja  lakes,  from  which  it  escapes  by  evaporation  or  seepage. 
The  evaporation  is  very  great,  but  since  the  showers  are  generally 
vigorous,  much  of  the  water  finds  its  way  into  these  flat  basins.  For 
this  reason  the  agencies  which  in  most  regions  are  carving  valle]^  and 
hills  are  here  having  little  effect  upon  the  plains,  and  the  interior 
surface  level  remains  intact. 

Valleys  and  canyons. — ^There  are,  however,  upon  the  surface  of  the 
plain  a  number  of  streams  which  have  their  sources  far  in  from  the 
escarpment,  and  there  are  all  gradations  of  topographic  form  from 
the  almost  featureless  surface  of  the  High  Plains  down  through  val- 
leys and  canyons  to  the  general  escarpment  facing  the  lower  eroded 
plains. 

In  the  northern  part  of  the  Panhandle  the  High  Plains  are  being 
rapidly  dissected  by  a  number  of  small  streams,  of  which  Coldwater, 
Palo  Duro,  and  Wolf  Creeks,  tributaries  of  North  Fork  of  Canadian 
River,  are  the  most  important.  Besides  these,  the  main  Canadian, 
which  rises  in  the  mountains  of  New  Mexico  and  flows  east  across  the 
plains,  traverses  this  region  in  a  great  valley  that  is  from  5  to  20 
miles  wide  and  600  feet  deep.  Numerous  small  streams  tributary  to 
Canadian  River  are  now  cutting  back  into  the  plains  and  giving  the 
wlge,  when  viewed  as  a  whole,  a  ragged  appearance. 

To  the  south  several  tributaries  of  Red  River,  particularly  North 
Pork,  Elm  Fork,  Salt  Fork,  Spillers  Creek,  and  Mulberry  Creek, 
have  their  headwaters  in  the  steep  slope  of  the  escarpment,  and  on 
Jiaount  of  the  relatively  low  level  of  the  main  stream  are  able  to  erode 
niore  quickly.  The  level  surface  of  the  High  Plains  is  generally 
retained,  but  the  edges  are  being  rapidly  eroded  by  the  streams  which 
find  their  source  either  in  the  escarpment  or  on  the  plains. 

Escarpment. — From  the  High  Plains  to  the  eroded  plains  there  is 
in  most  places  an  abrupt  descent.  The  escarpment  is  usually  steep, 
'n  places  being  a  distinct  cliff,  '200  to  500  feet  high  above  the  eroded 
plains,  but  ordinarily  the  descent  is  more  gradual,  occupying  a  dis- 
tance of  5  or  6  miles.  It  is  usually  a  distinct  topographic  unit,,  vary- 
ing in  width  from  1  mile  along  Palo  Duro  Canyon  to  G  miles  or  more 
in  Lipscomb  County.  Along  the  larger  streams,  particularly  the 
Canadian  and  the  branches  of  Red  River,  the  escarpment  is  usually 
sharp  and  steep,  while  along  the  smaller  streams  it  has  a  gradual 
nlope. 

The  escarpment  (PI.  X,  .1),  which  is  known  locally  as  ''the 
breaks,"  marks  the  limit  of  the  High  Plains.  It  margins  the  valleys 
^nd  passes  in  a  broad  curve  from  one  drainage  system  to  another. 
The  region  abounds  in  bad-land  erosion  forms,  short  ridges,  steep 
talus  slopes,  isolated  conical  hills,  buttresses,  peaks,  and  numerous 
narrow,  V-shaped  valleys,  which  on  becoming  larger  develop  into 
impassable  canyons.    The  breaks,  particularly  along  the  steep  slopes. 
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have  a  sparse  vegetation,  since  the  very  rapid  erosion  prevents  most 
kinds  of  plants  from  obtaining  a  foothold.  Bunch  grass,  yucca,  and 
dwarf  mesquite  are  often  present.  Such  a  region  is  most  difficult  to 
traverse,  and  in  localities  where  the  breaks  are  conspicuous  it  can  be 
crossed  with  a  wagon  only  at  infrequent  intervals  over  specially 
selected  routes.  This  escarpment  is  most  typical  along  the  Canadian 
and  in  Palo  Duro  Canyon,  in  Armstrong  County. 

ERODED  PLAINS. 

Interstream   highl<ind«, — From  the  High  Plains  the  escarpment 
forms  a  descent  to  the  lower  level  of  the  eroded  plains,  which  occupy 
the  entire  eastern  part  of  the  region  to  which  this  i-eport  relates. 
From  the  eroded  plains  the  Tertiary  and  Pleistocene  rocks,  which 
compose   the   High   Plains,   have   been   entirely   removed,   and  the 
streams,  both  large  and  small,  are  now  cutting  deep  valleys  into  the 
subjacent  red  l>eds.    This  part  of  the  Panhandle  is  a  rolling  plai^^ 
which  is  now  l>eing  eroded  rapidly,  yet  without  the  conspicuous  ba<^' 
land   forms  that  mark  the  e^scarpment.    The  streams  are  confin*^ 
almost  entirely  to  rather  deep,  steep-sided  valleys ;  the  plains  betwe^^^ 
are  rolling  ancji  well  drained. 

Standing  on  this  plain  not  far  from  the  escarpment  are  outlying  ^ 
hills,  generally  conical,  but  often  elongated,  and  joined  into  irregulj^^^ 
ridges.     They  sometimes  attain  a  height  of  100  to  200  feet.     Thesr?^^^ 
hills  have  resulted  from  the  thickening  and  hardening  of  certain  c^^ 
the  upper  members  of  the  red  beds,  usually   ledges  of  sandston^^' 
gypsum,  or  dolomite,  which  resisted  erosion  and  protected  the  rela-- — " 
tively  softer  clays  and  shales  IxMieath.     A  line  of  such  hills  extend      -^ 
from  near  Shamrock,  in  AMieeler  County,  southwest  to  beyond  Mem 
phis,  the  county  seat  of  Hall  County.    South  from  Shamrock  th^^ 
ridge  reaches  its  maxinuun  width  near  the  post-office  of  Dozier,  a   "^ 
which  place  the  range  is  10  miles  wide.     Here  it  consists  of  a  numbe:^^ 
of  isolated  mesa-like  hills  rising  100  fei^t  above  the  eroded  plains  an«^ 
cap])ed  by  a  ledge  of  sandstone,  descril)e(l  under  "  Geology,"  6  to  \'^ 
feet  thick.     The  most  typical  of  these  hills  are  Rocking  Chair  MouH  ^ 
tain,  north  of  Elm  Fork:  Antelope  Hills,  northeast  of  Dozier;  th^"^ 
Dozier  Mounds,  southeast  of  Dozier,  and  Flat   Top,  northwest  O^ 
Dozier.    The  range  is  interrui)ted  in  nortliern  Collingsworth  County" 
by  Salt  Fork  of  Red  River,  but  again  becomes  cons])icuous  in  the  sout!^^^ 
western  portion  of  the  county,  where  tlie  creeks  are  rapidly  trenching 
the  valleys  between  the  mesas  and   bringing  the  hills  into  strong 
relief. 

Valleys  a  ml  r(tfn/ofhs. — Crossing  the  eroded  i)lains  at  intervals  are  a 
number  of  streams  which  have  their  rise  on  the  High  Plains,  and, 
after  cutting  through  the  escarpment,  find  their  way  into  the  larger 
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rivers  which  receive  the  drainage  of  the  Panhandle.  For  the  most 
part  these  streams  have  carved  valleys  averaging  3  miles  wide  and 
100  to  200  feet  deep  in  the  eroded  plains.  These  streams  have 
already  been  mentioned,  and  they  will  be  discussed  in  more  or  less 
detail  under  "  River  plains." 

SAND  HILLS. 

The  sand  hills  form  an  important  topographical  feature  of  the 
Panhandle.  In  size  the  hills  range  from  small  mounds  to  ridges  30 
to  40  feet  high ;  in  shape  they  are  oval,  crescent,  or  elongated,  but 
when  parallel  they  are  separated  by  trough-like  depressions.  The 
hills  extend  in  various  directions,  although,  in  certain  localities,  those 
ranging  S.  15°  E.  appear  to  predominate.  Within  the  sand-dune 
regions  are  broad,  shallow,  basin-like  depressions  which  are  probably 
large  blow-outs  covering  1  to  10  acres.  There  are  a  few  localities 
[  containing  migratory  dunes.  One  such  is  on  the  south  side  of 
Canadian  River,  in  western  Roberts  County,  where  the  dunes  are  ap- 
proaching the  river.  Another  is  north  of  Prairie  Dog  Fork  of  Red 
River,  in  southwestern  Donley  County. 

The  sand  composing  these  dunes  is  derived  from  two  sources, 
chiefly  from  the  sandstone  ledges  of  either  the  red  beds  or  the  Ter- 
tiary disintegrating  in  place,  or  from  the  river  sand  which  in  times 
past  has  been  transported  from  farther  west.  These  make  two  classes 
of  sand  hills,  both  of  which  are  frequently  found  in  the  same  region. 
The  subject  is  treated  more  fully  under  ''  Geology." 

Sand  hills  occur  chiefly  in  the  escarpment  region  or  along  the 
streams,  as  in  western  Lipscomb  and  northern  Roberts  and  Hemp- 
hill counties,  in  Wheeler  County  south  of  Mobeetie,  and  in  Donley 
and  Collingsworth  counties  along  the  south  side  of  Prairie  Dog  Fork. 
A  typical  sand  hill  is  shown  in  PI.  IV,  A. 

RIVER  PLAINS. 

Canadian  Valley. — The  north  central  part  of  the  Panhandle  of 
Texas  is  traversed  by  Canadian  River,  which  rises  in  the  mountains 
of  New  Mexico  and  in  its  eastward  course  crosses  the  region  under 
discussion  in  a  valley  5  to  20  miles  wide  cut  deeply  into  the  High 
Plains.  The  sides  of  this  gorge  constitute  a  portion  of  the  escarp- 
ment, with  its  bad-lands  structure  of  short,  sharp  ridges,  often  desti- 
tute of  vegetation,  separated  by  V-shaped  valleys.  The  flood  plan,  1 
to  5  miles  wide,  occupies  the  bottom  of  the  gorge,  600  feet  below  the 
level  of  the  High  Plains.  The  river  runs  over  a  sandy  bed  varying 
in  width  from  a  half  mile  to  more  than  n  mile.  It  is  constantly  shift- 
ing, excavating  sand  in  one  place  and  depositing  it  in  another. 
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Wolf  Creek  Valley. — ^Wolf  Creek  has  cut  a  wide  valley  in  the  Hij 
Plains  in  the  northeastern  portion  of  this  region.  It  rises  in  weste 
Ochiltree  County,  at  an  elevation  of  3,300  feet,  and  descends  to  2,3 
feet  at  the  Oklahoma  line,  45  miles  east — a  gradient  of  21  feet  p 
mile.  The  width  of  the  valley  varies  from  1  to  4  miles,  and  the  brea 
which  adjoin  it  are  less  rugged  than  those  along  the  Canadian.  Sai 
hills  occur  along  this  creek  and  its  tributaries. 

Washita  Rive?'  Valley, — The  headwaters  of  the  Washita,  which 
Oklahoma  becomes  a  river  of  considerable  size,  rise  in  Gray  Count 
Tex.,  in  a  small  creek  not  differing  from  many  others  in  this  part  < 
the  plains.  It  flows  eastward  in  a  valley  1  to  3  miles  wide  aero 
northern  Wheeler  County  and  finally  passes  from  Texas  into  Rog 
Mills  County,  Okla. 

North  Fork  of  Red  River  Valley. — North  Fork  of  Red  River  ris 
among  the  High  Plains  in  the  southeastern  part  of  Carson  Count 
and  flows  east  in  a  broad  bend  to  the  north,  passing  from  the  Sta 
almost  directly  east  of  its  starting  place.  It  flows  in  a  narrow,  san' 
choked  valley,  with  sand  dunes  flanking  its  south  side  and  with  re 
beds  bluffs  guarding  it  on  the  north  for  a  considerable  part  of 
course.  This  river  descends  from  an  elevation  of  3,000  feet  on  t 
plains  to  2,050  feet  at  the  State  line,  making  a  descent  of  950  fe 
in  a  passage  of  60  miles,  or  16  feet  per  mile. 

Ehn  Fork  of  Red  River  Valley. — Elm  Fork  of  Red  River,  whi 
becomes  a  stream  of  considerable  importance  in  Greer  County,  Okl 
is  in  the  Panhandle  a  mere  creek,  the  greater  portion  of  whose  b 
is  entirely  dry  during  the  summer.  It  rises  in  the  escarpment 
northwest  Collingsworth  County  and,  flowing  southeast  in  a  de 
valley  cut  in  the  eroded  plains,  makes  its  exit  from  the  State  35  mil 
from  its  source. 

Salt  Fork  of  Red  River  Valley. — Salt  Fork  of  Red  River  rises  ( 
the  High  Plains  in  northern  Armstrong  County  at  an  elevation  • 
3,250  feet,  crosses  the  escarpment,  cuts  a  valley  in  the  eroded  plaii 
and  after  a  tortuous  course  passes  from  the  State  in  the  southeaste 
part  of  Collingsworth  County  at  an  elevation  of  1,900  feet,  a  desc€ 
of  15  feet  per  mile.  It  flows  in  a  sand-filled  valley,  and  at  times 
low  water  the  river  is  a  narrow  ribbon  upon  a  sand  bed  half  a  m 
wide. 

Prairie  Dog  Fork  of  Red  River  Valley. — Prairie  Dog  Fork  of  R 
River  crosses  Armstrong  County  in  Palo  Duro  Canyon  (not  to 
confused  with  Palo  Duro  Creek,  in  Hansford  County),  which  is 
miles  wide  and  which  has  been  cut  875  feet  through  the  Tertiary  a 
the  red-beds  rocks.  The  river  flows  in  a  narrow  valley  at  the  bott< 
of  this  gorge,  the  sides  of  which  present  an  alternate  precipitous  a 
terraced  structure  according  tO  the  nature  of  the  beds.  In  Armstro 
County  there  are  20  miles  of  this  canyon. 
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Minor  stream    ralleyn. — Sweetwater  Creek,  in  northern  Wheeler 
County;  Spillers  Creek,  in  Collingsworth;  Mulberry  Creek,  in  Arni- 
r,trong;  Mammoth  Creek,  in  Lipscomb;  Palo  Diiro  and  Coldwater 
creeks,  in  Hansford ;  Kit  Carson  and  WTiite  Deer  creeks,  in  Hutchin- 
son: Red  Deer  Creek,  in  Hemphill,  and  MeClellan  Creek,  in  Gray 
County,  are  the  largest   streams  of  secondary   importance.     These 
>maller  streams  all  form  a  part  of  the  three  major  drainage  systems, 
the  North  Fork  of  Canadian,  the  Canadian,  and  the  Red  River.    Most 
of  these  minor  streams  are  periodic,  although  numerous  springs  at  the 
base  of  the  Tertiary  feed  many  of  the  smaller  creeks,  thus  rendering 
them  perennial. 

GEOIiOGY. 

,  GENERAL  RELATIONS. 

!  The  general  geologic  features  of  the  Texas  Panhandle  are  not 
I  complex.  Most  of  the  rocks  belong  to  two  great  systems — the  Per 
I  niian  and  the  Tertiary — and  there  are  small  amounts  of  Quaternary 
deposits,  all  of  which  lie  nearly  level.  The  lowest  formations  ex- 
posed consist  of  extensive  deposits  of  red  clays  and  shales  known  as 
the  red  beds,  most  of  which  are  of  Permian  age.  The  greater  part 
of  the  upi>er  formations  are  made  up  of  sands,  clays,  and  conglomer- 
ates belonging  to  the  Tertiary  system.  Covering  these  two  members 
ill  many  places  are  lieds  of  sand,  gravel,  and  alluvium  of  Quaternary 
age.  ()n  the  geologic  map  (PI.  V)  the  distribution  of  these  forma- 
tions is  shown.  The  relative  age  and  general  character  of  the  vari- 
ous deposits  are  given  in  the  following  table : 

Geologic  fonnafionH  of  thr  Tpj'qh  Paufiandle. 


System.  Name.  Predominant  characters. 


(Allnvium Loam,  sand,  and  gravel. 
Sand  hills Sand,  chiefly  in  dnnes. 
Tiile  formation Sand,  clay,  and  gravel. 

(Blanco  formation ] 
Goodnight  formation..  Fe«ter"^'    *"*'    <'o°Klom- 
Loup  Fork  formation .    ) 

TriasHic Dockum  formation Clays,   sandstones,    and    con- 

I  glomerates. 

^    ,     .,                 ^          (Quartermaster  forma-  Red  sandy  clay  and  soft  sand- 
Carboniferous      (Per-    )     tion.  stone, 
xnian).                           1 

I  Greer  formation .'  Red  clay,  with  gyiMum  and 

I  dolomite. 
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A  typical  section  of  the  Permian,  Triassic,  and  Cenozoic  strata 
Palo  Duro  Canyon,  15  miles  south  of  Claude,  Armstrong  Count 
Texas,  is  as  follows : 

Tifpical  HcctUm  in  Palo  Duro  Canyon,  Te^tas, 


Tertiary 


Uncofiformity. 


Triassic. 


Uiiconfonnity. 


Carboniferons 
(Permian). 


Docknm. 


Character. 


Thfc 

nesB 

fee 


Tertiary  clays,  varying  in  color  fhmi 
almost  white  to  pink;  nsoally  with 
calcite  concretions  and  a  few  pebbles; 
occasional  harder  bands  f onmng  ter- 
races. 


Gray  to  brown  or  reddish  sandstone. 
Soft  and  friable,  cross  bedded;  often 
changing  into  conglcmierate  with 
lenses  of  blue  and  red  day.  i 

Variegated    clays,   maroon,   wine-col-  i 
ored,  drab,  gray,  blnish,  and  red,  with  i 
ledges  of  sandstone,  sometimes   be- 
coming hard  enough  to  form  aa  es- 
carpment; often  simply  a  gray 

.    ceous  shale. 


Quartermaster.  Red  clay  shale,  with  bands  of  harder 
clays,  sometimes  forming  a  sand- 
stone, and  occasional  bands  of  white 
or  gray  clay  or  sandstone,  weathering 
'  into  characteristic  buttes  or  mounds. 
Seams  of  satin  spar  in  t^e  lower  part. 

Greer '  Red  clay  shale,  with  ledges  of  masslTe 

white  or  purple  gypsum,  interstratified 
with  bands  of  clay  and  sandstone. 

I  Total 


>    3 


r^ 
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The  following  sections  made  on  Palo  Duro,  Tule,  and  Mulberry 
canyons  in  the  southwestern  part  of  the  region  here  discussed,  where 
all  formations  are  best  exposed,  indicate  the  relative  thickness  (in 
feet)  of  the  various  beds: 

Geologic  sections  in  Palo  Duro,  Tule,  and  Mulberry  canyims,  7  .xas  PaiihunfUc. 


System. 


Palo  Dnro  Canyon. 


Tertiary     and    

Qnatemary. 

Triasdc Docknm  . . 

^arbomferous   I     master. 
(Permian).       1 

lOre^r 175 


Formation.       silver 
ton-Clar- 
endon 
road. 


Feet. 
380 

no 

305 


I  I    Mulberry 

Silverton-Claude  '    Tule  Canyon.    >    Canyon, 
road.  Sllverton-       i  Silverton- 

Claude  road.    '  Clarendon 
,       road. 


South    '   North 
jBide. 


I 


side. 


Total 


970 


Feet. 

220 

175 

280 

195 

870 


Feet. 
200 

260 
210 


Feet. 


180 

165 
50 


190  I  Not  expOHed. 


860 


395 


Feet. 
240 

Eroded. 
160 

100 
500 


PERMIAN  RED  BEDS. 


GENERAL  STATEMENTS. 

The  oldest  rocks  found  on  the  surface  in  tlie  Panhandle  of  Texas 
5^re  the  Permian  red  l>eds.  These  rocks  occupy  a  considerable  part 
of  the  Great  Plains  from  southern  Kansas  across  Oklahoma  and 
Texas  as  far  as  New  Mexico  and  Arizona,  and  outcrop  along  the 
eastern  flank  of  the  Rocky  Mountains  as  far  north  as  the  Black  Hills 
of  South  Dakota. 

In  Oklahoma,  where  the  Permian  red  beds  are  typically  exposed, 
they  have  been  divided  by  the  writer  into  five  formations,  as  follows : « 


Quartermaster. 

Greer. 

rPermlan 

Woodward. 

.  Carboulferous-- 

1  Im  r'^rAra  i-trir\\r»a}}tr  «ivr*/\c: 

Peunsylvanlaii. 

Blaine. 
Enid. 

'^vlvanian,  consist  of  red  shales  and  i-ed  or  gray  sandstones.  The  Enid 
formation  is  composed  largely  of  red  clay  shales,  with  an  occasional 
l^^dge  of  soft  sandstone.     The  Blaine  is  characterized   by  massive 

•Oould.  Chas.  N.,  (teneral 'geoIoj?.v  of  Oklahoma:  Second  Blen.  Rept.  Oklahoma  Geol. 
Survey,  1902,  pp.  42-58.  Revised  in  Water-Sup.  and  Irr.  Paper  No.  148.  U.  8.  Oool. 
Survey,  1905,  p.  39. 
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Tertiary 


Qaartennaster    300 


Greer    275 


Woodward    425 


Blaine    100 


Enid    1500  < 


Coart«  landttoae  and 


Delhi  (dolomite,  r 

Collinciwortb  (gyptam)( 
Cedar  Top  (gyptum)  I 
BayiUrk  (gypsum)  ( 

Riser  (gypiom) 
Chaney  (gypsum) 

Day  Creek  (dolomite) 


Red  Bluff  (••ndstoup) 


Dog  Creek    shales 

Shimer  (.gypium  i 
Medicine  Lodge  n 
Ferguion  '  i; 


Vic.    1  —Generalized  section  of  Oklahoma  red  l>ed8.     In  the  above  legend  "  Delhi  "  8 
read  Mangum,  and  "  Ked  Bluff"  should  read  Whltehorse. 
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nlges  of  white  gypsum  interbedded  with  red  shales.  The  Wood- 
ard  is  made  up  of  red  shales  and  sandstones  and  a  ledge  of  white 
Dlomite.  The  (ireer  is  also  a  gypsum  formation,  in  which  the  ledges 
re  interst ratified  with  red  shale^s.  In  the  Quartermaster  the  roeks 
>nsist  chiefly  of  red  shales  and  clays,  with  ledges  of  soft  sandstone, 
i^.  1  shows  the  general  character  and  i-elative  thickness  of  the  red 
mIs  as  exposed  in  Oklahoma. 
Professor  Cragin  classified  the  red  l)eds  in  Kansas  and  northern 
klahoma,  but  he- did  not  examine  the  lower  nor  the  upper  members. 
e  divided  the  iM)rtion  that  he  studied  into  the  Salt  Fork  and  Kiger 
visions,  each  consisting  of  a  number  of  formations.* 
In  comparing  this  author's  classification  with  the  one  used  by 
rofessor  Cragin  it  may  l>e  said  that,  in  general,  the  Enid,  Blaine,  and 
roodward  formations  correspond  to  his  Salt  Fork  and  Kiger. 
either  the  rocks  near  Chandler  nor  the  (in^^r  nor  the  Quartermaster 
)rniations,  as  they  are  now  known,  were  described  by  Professor 
ragin. 

Professor  Cummins  divided  the  red  beds  into  the  Wichita,  Clear 
ork,  and  Double  Mountain  formations,  without,  however,  sharply 
ifferentiating  them.''  Doctor  Adams,  who  studied  the  lower  mem- 
•^'rsof  the  Texas  red  l)eds,  found  that  the  divisions  made  by  Profes- 
>r(^unmins  were  unsatisfactory  and  recommended  that  they  should 
<)t  lx»  retained.''  He  has  also  shown  that  the  Wichita  beds  in  Texas, 
ike  those  near  Ch.mdler,  in  Oklahoma,  are  Pennsylvanian  in  age.' 
'^rom  the  l>est  available  information  it  seems  probable  that  the 
Vichita  l)eds  are  approximately  the  equivalent  of  those  near  Chand- 
er,  the  Clear  Fork  beds  include  about  the  same  rocks  as  the  Enid, 
Elaine,  and  Woodward  formations,  and  that  the  Double  Mountain 
H*ds  are  practically  the  same  as  the  (ireer  and  Quartermaster  forma- 
tions.   The  following  table  expresses  the  conditions : 

Helationahip  of  fttnnation  classifications. 


Cummimt^H  cla»«ifl(*ation.  i  ClaHHiflcation  of  the  writer.  Cragin'M  <^laMHiflc*ation. 


Omble  MrtuntHin  beds \i^^^*^^  eruias 


lear  Fork  l)ed8 . 
Hchita  beds 


y^^^^^y^^^^^     IlKiKer  diviBion. 

^^*^"^*^ I  (Salt  Fork  division. 


Enid . 


I 


•  Cragin,  F.  W..  rermlan  s.VHtem  of  KanRaH :  Colorado  CoU.  Studies,  vol.  6,  1896,  p.  n. 

^rammins,  W.   F..   Kept,   on   the  j,'et»h>j;y  of  iiorthweHtern  TexnH :    Second  Ann,   Rept. 

'xa«  Ceol.  Survey.  1«9<>,  pp.  400-4 Oj. 

^  Adams.  George  I.,  StratlRraplik*  rehitlouH  of  the  re<l  IkmIh  to  the  rnrlwnlferoua  and 

rmian  in  northern  TexjiH  :   \U\\\.  Ceol.  Soc.  America,  vol.  14,  190.1,  pp.  191-200. 

'  Ibid.,  pp.  195-199. 
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TIIF.   PKKMIAN    IN    THE   PANHANIM.E    KE<UON. 

Of  IIh»  fonujitioiis  of  {\\v  IVrinian  hmI  hods  clistnisKiHi  alM)ve.  only 
tin*  ( Jivor  \\\\{\  (iuaiiorinastor  aiv  o.\ik>:^h1  in  the  Panhandlo  of  Texas. 

(rrcrr  faniKitnni, — The  (iivor  formation,  the  lowest  nieuklxM*  of 
the  red  IhmIs  found  in  the  Panhandle,  has  its  tyix*  exposure  hi  (thmt 
County,  Okhi.,  ahui^  Ehn  Fork  of  Red  River,  a  few  miles  east  of 
the  Texas  line.  It  is  ht»re  eoni|)os€»d  of  150  to  200  feet  of  brick-ml 
rlays  and  shah's  int  erst  rati  tied  with  Iedp:(»s  of  white,  bluish,  ami 
pinkish  gypsum,  with  an  oeeasional  ledp»  of  magnesian  limestoiK' 
and  dohanite.  In  many  i)hi(*<»s,  however,,  the  gypsum  beds  are  en- 
tirely wanting  or  (H'eur  as  sin^rle  ledges,  while  in  other  localities 
there  are  six  or  more  well-marked  l)eds,  ranging  from  1  to  80  feet  in 
tliiekness,  hesides  one  or  two  ledgers  of  irregular  gray,  honeycombed. 
magnesian  limestone,  1  to  :V  ft»et  thick.  A  numl)er  of  localities  in 
Collingsworth  County,  Tex.,  may  1k»  cited  where  these  definite  gyp- 
sum layers  occur,  hut  extensive  study  in  the  region  has  shown  that 
all  of  ihem  are  more  or  less  lenticular  and  do  not  persist  for  any  con- 
siderate distance.  Indeed  it  is  not  an  uncommon  occurrence  for 
(wo  or  more  t>f  thesi*  ledges  to  merge  loi-fllly  by  the  thinning  out  of 
the  intervening  clays,  while  at  a  short  distance  beyond  the  gypsum?' 
themselves  U'come  thin  an<l  disappear.  In  vei-y  few  parts  of  tk 
re<l  I  MM  Is  is  the  tendency  to  form  lenses  l)etter  exemplified  than  in 
(he  (Ireer  formation.  Along  Xt)rth  Fork  of  Red  River,  just  east  of 
the  PanhaiKlle  line,  the  writer  has  named  the  following  members  of 
the  (ireer:  Chancy,  Kiser.  Haystack,  (Vdartop,  and  Collingsworth 
gypsums  and  Mangum  dolomite."  The  seijuence  of  the  beds  is  sho^^ 
in  lig.  '2. 

In  view  of  the  facts  as  pivsented  above,  it  appears  better  not  ^^ 
indicate  hy  nanu'  lhos<'  lenses  which  persist  only  for  a  short  distaP^^ 
and  which  can  not  Ik*  correlated  in  adjoining  regions;  hence  in  tl"^^ 
presiMit    paper   no   attenij)t    will   1h«   nnide   to   sulxlivide  the  Grtr*^^ 
formation. 

B(H-aus<'  of  the  lenticular  nature  of  the  Iwds  it  is  not  always  pc^^ 
sihh'  to  locate  the  exact  limits  of  the  various  subdivisions  of  the  n' 
ImmIs.  Iii  general,  liow(»ver,  the  ui)per  limit  of  the  Greer  is  place^ 
either  at  the  top  of  the  highest  prominent  gypsum  ledge  or  at  th  ^ 
toj)  of  the  ledge  of  magnesian  limestone  or  dolomite,  which  appear- 
10  to  'JO  feet  above  tin*  highest  ledge  of  solid  gypsum. 

The  gv])sum  memlxM's  of  tht*  (ireer  formation  abound  in  cave>; 
and  sink  holes.  In  PI.  VI.  .1,  is  reproduced  a  photograph  of  an 
opening  on  the  surface  of  a  gypsum  cave  in  western  Oklahoma. 
The  soft  shales  which  underlie  the  ledges  are  easily  eroded,  and  the 

•M;(,ukl.  Clins.  N..  <;t'nornl  KiH>lo»;y  of  Okliilioina  :  S«M(.iid  HIen.  Uept.  Okla.  <;eol.  Sur- 
V«\V,   VMVl,   |>|>.  .Vt    ."iCi. 
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GYPSUM    CAVE. 


B.     SPRING   IbSUiNG   FROiVl   A  CAVE   IN   GREER  GYPSUM. 
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gypsum  is  gradually  dissolved  by  water.  It  is  not  uncommon  to  find 
a  prairie  stream  of  considerable  size  which  disappears  in  a  sink 
hole.  In  such  case,  however,  it  usually  comes  again  to  the  surface  at 
uo  great  distance  as  a  spring  issuing  from  a  cave  (PI.  VI,  B), 
These  sink  holes  are  of  various  shapes,  with  the  oblong  and  circular 
forms    predominating.    The    oblong    sink    holes    often    terminate 

Dstoaltc.  hoa«ycoiiibcd 


Bcdelsy 


i''»>]liim;«wo]Btll 


*'o4jir  Top 


HA;»tfttk 


MmsItc  whiM  (Tpaain 

+«• 

Emi  Mid  blac  elmr 

•' 

MsMlve  whiM  cirpniB 

Uf 

WUta  and  grMD  and  nd  clay 

t' 

XaMiTtwbftanrpaain 

20' 

Bad  Md  fTMnlab  cl«7 
GrMnlth  seltnltlc  typaana 

Bard  •tntlfl«d  gfpmntn 
Bloiib  aad  red  clay 
HArdiTptaa 


K«4  lad  blviab  abal«,  baDded 


FiQ.  2. Section  sbowing  members  uf  Oreer  formation  on  Elm  Fork  of  Red  River  at 

Salton,  Okla.     In  above  lepend  "  Delhi  "  should  read  MnnKum. 

abruptly  in  caves  at  one  end,  while  the  circular  ones  exhibit  a 
conical  hole  in  the  center,  through  which  the  water  escapes  most 
freely.  These  sink  holes  vary  in  depth  from  a  few  inches  to  20  feet 
or  more  and  are  10  to  100  feet  in  diameter.  In  general  they  are 
irregularly  distributed;  in  some  cases,  however,  they  seem  to  occur 
in  chains,  evidently  connected   by   an   underground  passage,  thus 
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marking  the  beginning  of  a  drainage  channel.     These  sink  holes  are 
probably  formed  by  the  subterranean  drainage  which  dissolves  the 
gypsum  and  clay  l)elow  the  surface,  forming  caves  which  eventually 
collapse  and  becx)me  stream  l)eds.     North  of  Shamrock,  2  miles  frou^ 
North  Fork  of  Red  River,  there  Ls  a  typical  sink-hole  region  in  whicb 
hundreds  of  these  openings  (K*cur  in  an  area  of  n  few  square  mile-r- 

In  various  places  the  memU^rs  of  the  (ireer  exhibit  a  markt** 
peculiarity  of  stratification  not  usually  found  in  the  rocks  of  tl'i* 
j)lains.  The  gypsum  ledges  ai*e  here  often  distinctly  laminated,  t  ^ 
shown  on  PI.  IV,  B,  Steep  hn^il  dips,  lx)th  anticlines  and  syncline-  - 
are  often  observed  along  the  sides  of  a  cliff. 

A  striking  j)eculiarity  of  the  (Jreer  formation  is  the  erratic  di^ 
of  the  gA'^psum.     Frecpiently  in  tracing  a  ledge  along  a  small  streaii^ 
it  is  found  that  within  a  distance  of  jxjrhaps  half  a  mile  the  strean 
descends  50  feet,  while  the  gypsum  along  the  bluff  still  retains  tht- 
same  height  above  the  water  channel.     On  the  opposite  side  of  the* 
stream  the  same  ledge  may  l)e  traced  along  another  branch  until  les.< 
than  a  mile  away  it  is  75  feet  higher  than  at  the  main  stream.     In 
other  words,  the  dip  of  the  ledge  is  towartl  the  stream  on  both  sides, 
though  the  ledge  is  continuous.     This  peculiarity  of  dip  gives  the 
appearance  of  irregularly  folded  strata,  yet  there  has  been  no  gen 
eral  folding  whatever.     The  phenomenon  is  not  easy  to  understand. 
Perhaj)s  the  most  plausible  explanation  is  that  the  shales  have  been 
removed  from  beneath  the  gypsum  ledges,  permitting  the  latter  to 
sink  along  the  streams  into  the  semblance  of  a  local  dip.     This  fact 
is  exemplified  on  PI.  VII,  ^1. 

The  Greer  formation  being  the  lowest  member  of  the  red  beds  in 
the  Panhandle  naturally  outcrops  low  in  the  stream  valleys.  It  is 
well  exposed  along  the  branches  of  Red  River,  particularly  on  Elm. 
Salt,  and  Prairie  Dog  forks.  On  Elm  Fork  it  outcrops  along  the 
valley  of  the  stream  from  the  Oklahoma  line  as  far  west  as  Sham- 
rock, in  southern  Wheeler  County.  Between  Elm  Fork  and  Salt 
Fork  the  (Ireer  forms  the  plain  as  far  west  as  the  post-office  of  Dozier, 
while  along  the  north  side  of  Salt  Fork  gypsum  ledges  appear  in  the 
hlutfs  at  intervals,  finally  disappearing  in  Donley  County  a  few 
miles  east  of  the  center.  South  of  Salt  Fork  a  strip  of  sand  hills 
covers  the  nul  IhkIs,  so  that  the  Oreer  formation  is  not  exposed  north 
of  the  divide  i)etween  Salt  and  Prairie  Dog  forks  of  Red  River. 

It  is  in  the  valley  of  Prairie  Dog  Fork  of  Red  River  and  its  tribu- 
taries, Spillers  and  Mulberry  creeks,  and  in  Palo  Duro  Canyon,  in 
Collingsworth,  Donley,  and  Armstrong  counties,  that  the  Greer  forma- 
tion attains  its  typical  development  in  the  Panhandle.  In  this  locality- 
it  is  exposed  along  the  bluffs  of  the  main  creeks  and  caps  the  slopes  of 
the  smaller  side  canyons  that  are  dissecting  the  red-beds  plain.  In 
Palo  Duro  Canyon,  in  particular,  the  gypsums  of  the  (xreer  are  con- 
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A      UNDERMINING  OF  GYPSUM    LEDGES. 


B      EROSION    IN  THE  QUARTERMASTER  SANDSTONE   IN    PALO   DURO  CANYON. 

T..rtiary  c.iffs  in  tne  distance. 


PERMIAN    RED   BEDS.  21 

Hpiciious;  here  a  number  of  narrow  ravines  have  been  cut  out.  In 
this  locality  creeks  sometimes  pass  into  caves  and  sink  holes,  and  after 
flowing  underground  for  half  a  mile  or  more  reapi^ear  in  a  deep  can- 
yon. Ledges  of  white  gypsum  cap  the  bluffs  and  wind  in  sinuous 
white  lines  along  the  streams. 

Qnartermaster  formation, — Resting  conformably  upon  the  Greer 
are  250  to  300  feet  of  rocks,  consisting  for  the  most  part  of  soft,  red 
sandstones  and  sandy  clays  and  shales.  To  this  formation  the  name 
Quartermaster  has  been  applied,  the  name  l)eing  derived  from  a 
creek  in  Day  and  Custer  counties  of  Oklahoma,  along  which  the 
rocks  are  typically  exposed.  In  the  lower  part  of  the  formation  the 
rocks  are  chiefly  shales,  usually  red,  but  sometimes  containing  green- 
ish bands  or  layers  of  clay  and  often  (particularly  near  the  base)  a 
considerable  amount  of  gypsum,  which  is  usually  in  the  form  of 
white  or  pink  satinspar  or  of  roimded  concretions.  At  a  higher 
level  the  red  shales  become  more  arenaceous  and  not  infrequently 
form  a  consolidated  sandstone,  which  is  rather  thin  bedded  and 
prone  to  break  into  small  rectangular  blocks.  These  harder  members 
of  the  Quartermaster  formation  often  weather  into  long,  narrow 
buttresses  and  more  or  less  conical  mounds,  varying  in  height  from 
10  to  50  feet,  as  shown  in  PI.  VII,  B.  These  conical  mounds  some- 
times occur  alone,  but  more  often  they  appear  in  groups;  occasion- 
ally there  are  hundreds  of  them  on  a  single  quarter  section. 

The  sandstone  members  are  further  characterized  by  marked  and 
very  peculiar  irregular  dips  and  folds.  Strata  are  often  seen  dipping 
at  an  angle  of  20  to  40  degrees,  but  the  dip  is  irregular,  varying  in 
direction  to  all  points  of  the  compass,  even  on  a  small  area.  These 
loc^l  dips  often  produce  slopes  which  have  the  character  of  those 
formed  by  normal  faults  or  by  general  folding.  The  cause  of  this 
phenomenon  is  not  well  understood,  but  apparently  the  erratic  dips 
are  caused  by  the  erosion  of  some  of  the  subjacent  gypsum  members 
of  the  Greer  formation. 

In  certain  parts  of  the  Quartermaster  formation  there  occur  beds 

of  hard,  white,  or  pinkish  dolomite.     One  such  outcrops  on  Mulberry 

Creek,  10  miles  southwest  of  Clarendon,  as  a   ledge  5  feet  thick. 

Another,  which  caps  the  blutf  at  the  crossing  of  Salt  Fork  of  Red 

River,  3  miles  north  of  Clarendon,  is  3  to  5  feet  thick,  white  or 

pinkish  in  color,  hard  or  even  cherty,  with  characteristic  dendritic 

markings.     WTien  traced  east  for  several  miles  this  ledge  is  found  to 

be  a  lens  changing  into  sandstone  and  sandy  shale.     Another  locality 

where  dolomite  occurs  is  on  Antelope  Creek,  in  northwestern  Carson 

County,  and  along  the  bluffs  north  of  Canadian  River,  near  Plemons, 

the  county  seat  of  Hutchinson  County.     The  red  l)eds  in  this  locality 

are  provisionally  classed  as  Quartermaster. 
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Throughout  the  greater  part  of  this  region  the  Quartermaster  for- 
mation is  overlain  unconforniably  by  the  Tertiary  or  Quaternary 
deposits.  In  the  localities  where  the  Dockuni  beds  are  i)resent  the 
upi)er  limit  of  the  fonnaticm  is  hwated  at  the  line  where  the  color  of 
the  shales  changes  from  brick  red  to  maroon  or  wine  color. 

In  general  the  Quartermaster  formation  outcrops  in  a  belt  1  to  ' 
miles  wide  at  the  base  of  the  High  Plains.  It  appears  in  the  southerr 
part  of  Wheeler  County,  between  Shamrock  and  Dozier,  occupies  tin 
northwestern  part  of  Collingsworth  County,  and  follows  along  tin 
north  side  of  Salt  Fork  as  far  west  as  Clarendon.  In  the  southeri 
part  of  Collingsworth  County  the  Quartermaster  is  exposed  soutl 
and  west  of  Wellington,  the  county  seat.  It  forms  the  dissected 
j)lain  l>etween  Memphis  and  Giles  in  southern  Donley  and  easteri 
Armstrong  counties.  Along  Palo  Duro  Canyon,  in  southwesten 
Armstrong  County,  it  exhibits  a  maximum  thickness  of  300  feet  an< 
forms  the  toj)  of  the  intracanyon  terrace,  just  above  the  Greer  gypsun 
ledges. 

The  red  beds  are  exposed  along  Canadian  River  in  northern  Carsoi 
and  southern  Hutchinson  counties.  The  most  typical  exposmres  an 
along  Dixon  and  Antelope  creeks,  in  Carson  County,  where  250  fee 
appear  in  vertical  section.  They  contain  some  beds  of  dolomite  an< 
gypsum.  These  beds  do  not  seem  sufficiently  uniform  and  persisten 
to  warrant  giving  them  definite  names,  yet  they  are  more  extensi^ 
than  similar  l)eds  that  occur  in  other  portions  of  the  formation.  - 
is  probable  that  a  detailed  study  will  reveal  that  these  beds  exten 
farther  to  the  west  along  Canadian  River.  Plicated  structui-e.  not*; 
elsewhere,  is  exemplified  in  this  region.  The  following  section  wa 
made  in  southwestern  Hutchinson  County,  2  miles  from  the  mout 
of  Antelope  Creek : 

Srction  of  red  hedn  on  Antelope  Creek,  Carson  County,  Tex. 

Red  clays,  with  sumly  shale - 

Gray  sandstone  

Red  (lay ? 

(iray  dolomite,  weathers  out  in  blocks  which  are  scattered  over  talus  sloi)e 

(this  ledire  forms  a  terrace) 

Re<l  (lay i: 

(4yi)sum.  bluish  in  plac(»s:  a  fairly  i)er8istent  uniform  ledge 

Red  clay,  lower  portion  covered 

For  lithological  reasons  these  beds  as  a  whole  are  considered  i 
belonging  to  the  Quartermaster  formation. 

Near  the  middle  of  the  Quartermaster  formation,  as  exposed  i 
Collingsworth  and  Hall  counties,  there  is  a  ledge  of  rather  hard,  re 
or  pinkish,  more  or  less  oolitic  sandstone,  which  on  weathering  giv( 
rise  to  a  numln^r  of  flat-topped  buttes  and  ridges.  Of  these  the  moj 
typical  are  Rocking  Chair  Mountains  (PL  VIII,  A)^  southwest  c 
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lamrock ;  Antelope  Butte,  near  the  head  of  Elm  Fork  of  Red  River : 
ozier  Mounds,  near  Dozier  post-office,  and  'Possum  Peaks,  Twin 
ounds,  and  Ragged  Top,  a  few  miles  farther  west  of  Dozier.  Be- 
reen  Salt  and  Prairie  Dog  forks  of  Red  River,  in  tht^  vicinity  of 
eniphis,  in  Hall  County,  these  buttes  are  conspicuous.  Hogback 
utte,  8  miles  south  of  Memphis,  is  a  noted  landmark.  These  buttes 
rsist  for  an  unknown  distance  south  of  Salt  Fork  of  Red  River. 
From  the  sandstone  on  Antelope  and  Dozier  mounds.  Dr.  J.  W. 
^de  identifies  fossils  belonging  to  the  following  genera :  Dielasma^ 
hizodm,  Allarusma^  Pleurophoriis^  Edmondia^  Avieiilopecten^  Lel- 
^kria,  Capulus?  {Lepetopsis?)^  Loxonema,,  StrophoHtylvs^  Murehi- 
nki^  Plevrotomaria^  and  WorthenopHis;  indicating  the  Permian  age 
the  sandstone. 

TRIASSIC  RED  BEDS. 

Dockum  formation. — The  upper  part  of  the  Texas  red  beds  was 
scribed  by  Professor  Cummins  under  the  name  of  Dockum  beds,* 
d  afterwards  by  Drake.^  This  formation,  which  is  composed 
rgely  of  clays,  sandstones,  and  conglomerates,  underlies  practically 
I  of  the  Staked  Plains  of  Texas  and  southeastern  New  Mexico. 
:Jcording  to  Drake,^  the  Dockum  beds  average  200  feet  in  thickness, 
d  may  be  divided  into  three  members,  as  follows :  ( 1)  A  lower  bed  of 
ndy  clay  0  to  150  feet  thick,  (2)  a  central  bed  or  beds  of  sandstone, 
nglomerate,  and  some  sandy  clay  0  to  285  feet  thick,  and  (3)  an 
)per  bed  of  sandy  clay  and  sandstone  0  to  300  feet  thick. 
Along  Palo  Duro  Canyon  in  Armstrong  and  Briscoe  counties, 
here  this  formation  was  studied  by  the  writer,  it  is  difficult  to 
vide  it  into  recognizable  members.  The  formation  abounds  in  local 
iconformities  with  clay,  sandstone,  and  conglomerate  lentils,  with 
oss-bedded  structure,  and  other  features  indicative  of  shallow-water 
position.  In  places  the  lower  portion  is  made  up  of  red,  maroon, 
wine-colored  clays,  while  at  higher  horizons  there  are  more  or 
vs  lenticular  sandstones  and  conglomerates,  as  shown  in  PI.  IX,  B, 
1  weathering,  the  sandstones  of  the  Dockum  beds  give  rise  to  unique 
jsion  forms;  the  harder  niemlxirs  j)r<)tect  the  softer  shales  beneath 
d  pnMluces  pillars,  chimneys,  toadstools,  and  other  unusual  figures, 
:ne  types  of  which,  exposi»d  in  Tule  Canyon,  G  miles  northwest  of 
I  vert  on,  are  shown  in  PI.  IX,  .1. 

The  lithologic  characters  which  justify  the  separation  of  the 
)ckum  beds  from  the  Permian  are,  (1)  the  gray  and  brown  color 
the  sandstones  and  conglomerates  and  the  abundance  of  the  latter : 

Cummins,  W.  F..  First  Ann.  Kept.  Texas  Geol.  Survey.  1891),  pp.  189-100;  Second 
1.  Kept..  1900,  pp.  424-428. 

Drake.   N.    F,.   Stratigraphy   of   the  TrlassU*   formations  of   northwest   Texas;   Third 
1.  Kept.  Texas  (ieol.  Survey,  1901,  pp.  227-247. 
Ibid.,  pp.  229-233. 
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(2)  the  maroon,  wine-colored,  and  yellow  shales  and  clays,  and  (S) 
the  extensive  eross-lKHlding  and  local  unconformities  of  the  various 
niemlx»rs.     Whether  or  not  the  Dockum  formation  is  confomiabli' 
throughout  with  the  subjacent  Quartermaster  formation  is  still  an 
open  (luestion.     There  is  often  local  unconformity  between  the  two 
formations,  but  on  the  other  hand  there  are  localities  in  which  the 
brick-red  shales  and   argillaceous  sandstone  of  the  Quartermaster 
grade  so  inii)ercej)til)ly  into  the  wine-colored  shales  and  gray-browv 
conglomerates  of  the  Dockum  that  the  closest  search  fails  to  reveal  th' 
line  of  s(» para t ion  between  them." 

Concerning  the  age  of  the  Dockum  formation  it  may  be  said  tha 
v^^rtebrate  fossils,  found  in  these  rocks  and  described  by  Cope,^  a 
well  as  certain  new  forms  of  Unios  named  by  Simpson,*  indicate  tha 
the  l)eds  lK»long  to  the  Triassic.  In  all,  seven  species  of  vertebrate- 
and  four  of  pelecyi)ods  have  lx»en  sc^cured  from  this  formation. 
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"  Since  llie  al»ovo  was  written  opportunity  ba«  ])een  nflPorded  for  Btudylng  these  beds 
the  western  part  of  the  I'anhaudle  of  Texas,  Iwth  on  iipi>er  Palo  Dure  Canyon  and  aloi 
the  valley  of  Canadian  Klver.  The  writer  finds  that  in  this  region  the  Triassic 
everywhere  separated  by  a  pronounced  unconformity  froin  the  subjacent  Permian  red  he* 
and  that  it  Is  clearly  divisible  Into  two  formations,  each  consisting  of  well-mark4 
memliers.  These  formations  and  meml)er8  will  t>e  described  In  a  forthcoming  wate 
supply  and  irrigation  paper. 

*Cope,   VI.   ]>.,  Vertebrate  remains  from   the  Dockum  Terrane  of  the  Trassic  systen 
Fourth  Ann.  Kept.  Texas  (Jeol.  Survey.  190;{.  pp.  11-17. 

''  Simpson,  (\  T..  Descriptions  of  four  new  Triassic  Tnlos  from  the  Staked  Plains  < 
Texas:  Proc.  V.  S.  National  Mus.,  vol.   18,  No.   1072,   1896.  pp.  :581-385. 
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STRATIGRAPHY. 

General  fftatement. — After  the  deposition  of  the  Pemiian  and 
Triassic  red  beds  in  the  Panhandle  region  the  area  was  elevated  and 
for  a  long  period  of  time  the  land  was  extensively  eroded.  Farther 
south  and  west  extensive  deposits  of  Cretaceous  rocks  rest  on  the 
ml  beds,  but  in  the  part  of  the  Panhandle  under  discussion  Cre- 
taceous formations  are  absent. 

Resting  uncomformably  upon  the  eroded  surface  of  the  red  beds 
throughout  the  region  described  in  this  paper  are  extensive  deposits 
of  the  C^nozoic  age — Tertiary  or  Quaternary — which  make  uj)  tlie 
rocks  of  the  High  Plains.  These  formatioiis,  wiiich  consist  largely 
of  loosely  consolidated  clays,  sands,  and  conglomerates,  typically 
white,  but  varying  locally  into  gray,  buff,  brown,  or  other  colors, 
constitute  the  "  Tertiary  grit '"  and  the  ''  Tertiary  marl  "  or  ''  mortar 
Ws-'  of  the  Kansas  geologists.  In  Nebraska,  Mr.  Dart  on  sub- 
divides the  beds  of  approximately  this  age  into  the  Arikaree  and  the 
OjTalalla.  In  the  Panhandle  of  Texas  Professor  Cummins  has  dis- 
tinguished four  horizon^,  basing  his  classification  upon  the  evidence 
afforded  by  vertebrate  fossils  obtained  in  the  different  beds  and 
identified  by  Professor  Cope.° 

The  following  table  sets  forth  the  names  of  the  members  as  used  by 
Professor  Cummins,  the  geologic  age,  and  the  number  of  species  Pro- 
fessor Cope  found  in  each : 

\ntrhnifr  fossils  ilisiiuunixUinij  four  horizons  in  the  Panhaudlr  of  Terns. 


Period. 


Epoch.  !  Formation. 


Qnaternary    .     Pleistocene Tule  {E(/uns  beds) . 

(Pliocene Blanco 
(Transition)    (loodnight 


1 1  Miocene .         Loup  Fork 


Number  of 
species. 


10 

16 

8 

17 


LoK//  Fork  formation. — The  term  "  I^ou])  Fork  ''  has  long  Ix^en  used 
to  include  a  series  of  rocks,  usually  considered  later  Miocene  in  age, 
which  are  extensively  exposed  on  the  Great  Plains,  particularly  in 
Colorado,  Nebraska,  Kansas.  Oklahoma,  Texas,  and  New  Mexico. 
The  rocks  consist  largely  of  sands,  clays,  and  conglomerates,  the  lat- 
ter made  chiefly  of  smooth  water-worn  pebbles  i)resuniably  derived 
from  the  Rocky  Mountains.  The  thickness  of  the  deposits  varies, 
but  the  maximum  is  several  hundred  feet.  The  Loup  Fork  beds  con- 
i^titute  the  lowest  Tertiary  formation  known  to  exist  in  the  Pan- 
handle.    According  to  Professor  Cummins  these  beds  do  not  extend 


•  Fourth  Ann.  Kept.  Texas  Geol.  Survey,  pt.  8,  1803,  pp.  18-86. 
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farther  south  along  the  eastern  edge  of  the  Llano  Estacado  than 
the  Prairie  Dog  F'ork  of  Red  River.*  On  Mulberry  Creek,  12  miles 
west  of  Clarendon,  where  Cuniniins  and  Coj^e  obtained  the  fossils 
identified  by  the  latter,  the  Ijoup  Fork  beds  are  30  feet  thick  and 
"  composed  of  alternating  beds  of  bluish  and  almost  pure  white 
sand."  ^ 

Goodnight  formation, — This  division,  named  by  Professor  Cum- 
mins from  the  town  in  Armstrong  County,  Tex.,  consists  of  calcareous 
and  arenaceous  clays,  sands,  and  heavy  conglomerates.  Lithologic- 
ally,  it  is  practically  impossible  to  differentiate  these  beds  from  those 
of  the  Loup  Fork  or  Blanco,  and  it  is  only  by  means  of  fossils  con- 
tivined  in  them  that  the  beds  are  known  to  be  of  different  age.  Pro- 
fessor Cope  identified  eight  vertebrates  from  these  beds  and  assigned 
them  to  an  age  intermediate  between  the  Loup  Fork  and  the  Blanco/ 
Professor  Cummins  states  that  the  Goodnight  beds  have  extensive 
development  south  of  Mulberry  Creek.  The  maximum  thickness  as 
given  by  him  is  approximately  150  feet.** 

Dall,  on  the  authority  of  Dumble,  has  called  these  beds  Palo  Duro. 
lie  classes  them  as  transitional  between  the  Miocene  and  Pliocene, 
and  says :  "  These  beds,  identified  in  western  Texas  by  Scott  as  tran- 
sitional, also  had  the  absurd  name  of  Goodnight  applied  to  them."^ 
Certainly  no  one  who  has  ever  been  in  that  portion  of  the  Panhandle 
would  consider  the  name  of  Goodnight  as  absurd,  for  it  is  the  name 
of  one  of  the  largest  of  the  old-time  cattle  ranches,  as  well  as  of  a 
good-sized  town,  the  seat  of  a  flourishing  college. 

Blanco  formation, — Professor  Cummins  gave  the  name  Blanco  bed<5 
to  those  Tertiary  rocks  which  rest  unconformably  upon  the  Dockiim 
conglomerate  at  the  type  locality  of  the  latter — i.  e., at  Dockum,  Dick- 
ens County,  Tex.  Vertebrate  fossils  from  that  region  have  been 
identified  by  Professor  Cope,  who  states  that  ''  the  horizon  is  more 
strictly  and  nearly  Pliocene  than  any  of  the  lacustrine  terranes 
hitherto  found  in  the  interior  of  the  continent.'-  ^  The  rocks  consist 
(if  alternating  layers  of  sand,  clay,  and  diatomaceous  earth,  approxi- 
mately 100  feet  in  thickness. 

Tide  formation, — These  lx»ds,  de.scril)ed  by  Professor  Cummins'^ 
and  by  Professor  Coj)e,  were  assigned  by  the  latter  to  the  Equxis-heii 


"  CuinmiuM,  W.  F.,  Notes  on  the  j;tH>loKy  of  northwest  Texas :  Fourth  Ann.  Kept.  Texas 
<;eol.  Survey,  1893.  p.  20.1. 

«»  n»Id..  p.  204. 

'"  Cope.  K.  D.,  Vertelirate  fauna  of  the  Loup  Fork  l>etl« :  Fourth  Ann.  Rept.  'IVxag  Geol. 
Survey,  pt.  8.  ISft.'l.  p.  40. 

"  Cummins,  op.  elt.  pp.  201-202. 

*■  Dall,  Wm.  H..  Tahle  of  North  American  Tertiary  horlzonH,  etc.  :  Ei)?hteenth  Ann.  Rept. 
r.  S.  Cieol.  Survey,  pt.  2,  1898,  p.  3.38. 

^  Cope,  Va.  I)..  Vertehrate  fauna  of  the  Blanro  l)ed8 :  Fourth  Ann.  Rept  Texas  (ieol. 
Survey,  180.3,  p.  47. 

*  Cummins,  op.  cit.  pp.  199-200. 
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horizon  of  the  early  Pleistocene,  on  account  of  vertebrates  from  Tule 
Canyon  in  Swisher  County.  In  general,  the  statement  made  by  Pro- 
fessor Cope  that  "  Equun  beds  form  the  superficial  formation  of  the 
countiy  at  various  points  on  the  Staked  Plains  and  about  its  eastern 
t^arpment/'*  may  be  considered  as  accurate.  However,  the  Eqinm 
beds  are  by  no  means  confined  to  the  top  of  the  Llano  Estacado,  but 
oa*ur  in  other  localities  as  well,  notably  north  of  Canadian  River. 
These  rocks  consist  of  coarse  sand,  clay,  and  gravel,  with  variable 
thickness. 

Age  of  beds. — It  is  the  experience  of  the  writer,  after  ten  seasons 
>pent  in  studying  these  deposits  in  Kansas,  Oklahoma,  Texas,  and 
New  Mexico,  that  it  is  practically  impossible  to  separate  either  the 
Tertiary  or  Pleistocene  deposits  of  the  plains  into  mappable  forma- 
tions.    From  the  bottom  of  the  Loup  Fork  to  the  top  of  the  Equv^ 
l^eds  the  general  character  of  the  rocks  changes  so  consttuitly  and 
with  such  extreme  irregularity  that  they  can  not  for  the  most  part  be 
differentiated  in  the  field.     Sections  made  at  about  twelve  points  in 
eastern  Colorado,  western  Kansas,  western  Oklahoma,  and  in  the 
Panhandle  of  Texas  show^  such  a  marked  similarity  of  structure  that 
without  the  evidence  of  fossils  it  is  impossible  to  determine  whether 
the  rocks  belong  to  the  Miocene,  the  Pliocene,  or  the  Equun  beds. 
1P.I  Even  Professor  Hay,  who  studied  these  rocks  in  Kansas  and  applied 
rjc^  to  them  the  descriptive  terms  *'  Mortar  beds,"  "  Tertiary  grit,"  "  Ter- 
tiary marl,"  etc.,  did  not  succeed  in  diiferentiating  them  into  definite 
horizons.     If  it  were  possible  to  distinguish  formations  stratigraph- 
ically,  the  matter  of  classification  would  be  greatly  simplified,  but  in 
the  light  of  present  know  ledge,  it  seems  not  only  inexpedient  but  even 
impossible  to  differentiate  them  structurally.     In  view  of  these  facts, 
therefore,  the  general  term  Tertiary   will  l)e   used   to  include  the 
Loup  Fork,  the  Goodnight,  the  Blanco,  and  in  most  cases  also  the 
Tule  or  Equus  beds.     The  E(jiiN>i  beds  are  classed   with  Tertiary 
chiefly,  as  stated  above,  l)ecause  these  lx»ds  can  not  be  distinguished 
in  the  field,  nor,  indeed,  by  any  other  means  than  that  of  vertebrate 
fossils,  which  are  present  only  in  scattered  localities. 

ORIGIN  OF  THE  TERTIARY  DEPOSITS. 

,  I  With  regard  to  the  origin  of  the  Tertiary  deposits  of  the  Great 
I  Plains  two  general  theories  have  been  advanced.     The  earlier  geolo- 

_J  gists  who  studied  these  rocks  considered  them  lacustrine  in  origin: 
Professor  Marsh,  for  instance,  describetl  a  great  Pliocene  lake  cover- 
ing practically  the  entire  Great  Plains  area,  in  which  deposits  1,500 
feet  thick  were  laid  down.''     Professor  Cummins,  in  speaking  of  the 

•<'ope,   E.   D.,  Vertebrate  fauna  of  the   Blanco  l)ed8 :   l-'ourth  Ann.   Rept.   Texas  Geol. 
Kurvey,  1893,  p.  75. 
*  Marsh.  O.  C,  Amer.  .Jour.  Scl.,  vol.  9,  Jan.,  1875,  p.  52. 
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(Goodnight  bcnls,  says,  "  They  se^ni  to  have  been  deposited  in  a  lake 
much  more  extensive  to  the  south  than  the  Loup  Fork,  which  latter 
seems  to  have  had  its  southern  termination  here''  (at  Mulberry 
Canyon)."  Professor  Co|x»  has  already  been  quoted  regarding  ** La- 
custrine terranes/'  Profe^ssor  Hay  accepted  the  lake  theory,  although 
he  did  not  account  for  the  fonnation  of  these  supposed  bodies  of 
water.''  Later  investigations,  however,  have  led  to  the  opinion  that 
it  is  to  fluviatile  rather  than  to  lacustrine  agencies  that  we  must  look 
for  the  origin  of  the  Tertiary  deposits. 

Professor  Haworth,  in  discussing  the  Kansas  Tertiary,*  observes: 
'*  The  I'elative  positions  of  the  sand,  the  gravel,  and  the  clay  of  the 
Tertiary  over  the  whole  of  Kansas  *  ♦  *  correspond  much  bet- 
ter to  river  deposits  than  to  lake  deposits.  The  irregularity  of 
formation  succession,  the  limited  lateral  extent  of  the  beds  of  gravel, 
sand,  and  clay,  and  the  frequent  steepness  of  the  cross-bedding  planes, 
all  correspond  to  river  deposits.  *  *  *  The  materials  themselvetr 
have  many  indications  of  river  deposits  and  a  very  few  of  lake  de- 
posits." 

Mr.  Johnson,  in  his  report  on  *'  The  High  Plains  and  Their  Utiliza 
tion,'*  expresses  the  opinion  that  "  The  structure,  an  uneven  network 
of  gravel  cours(»s  and  elongated  beds  of  sand  penetrating  a  mass  oi 
silt  and  sand-streaked  clay,  is  the  normal  product  of  desert-stream 
work  under  constant  desert  conditions.  The  coarse  material  is  woi 
regarded  as  the  product  of  n(»cessarily  strong-running  streams  aiul 
the  fine  material  of  sluggish  streams,  in  alternating  epochs  of  hiuni<^ 
and  dry  climate  or  of  high  and  low  inclination  of  slope,  but  as  the 
simultaneous  product  of  branching  streams  of  the  desert  habit,  hert' 
running  in  a  channel  and  there  spreading  thinly."^ 

The  only  point  at  issue  among  these*  writers  seems  to  be  wheth^* 
the  cause  of  the  deposition  of  the  material  by  the  streams  is  to  ^ 
sought  in  climatic  changes  which  produced  alternate  periods  of  ari^^ 
ity  and  humidity,  or  in  deformation  movements  of  the  earth's  cru^ 
by  which  the  eastern  part  of  the  (ireat  Plains  was  elevated  and  tli 
gradient  of  the  streams  lessened.  With  regard  to  this  matter  tli 
writer  does  not  express  an  opinion.  The  subject  has  been  discusse 
by  Johnson,  to  whose  article  the  reader  is  referred.'' 

(JENERAL  CHAKACTEU  OF  THE  TERTIARY  OEl'OSITS. 

It  has  been  stated  already  that  the  greater  part  of  the  rocks  con 
sists  of  clays,  sandstones,  and  conglomerates  with  clays  predominat 

«  rummlns,  W.  F.,  Notes  on  the  Keolopy  of  northwest  TexjiH  :  Fourth  Ann.  Kept.  Texai 
(ieol.  Survey.  IWKS,  p.  201. 

"Hay.  Robert,  Water  resourceH  of  a  portion  of  the  CJreat  IMainH:  Sixteenth  Ann.  Kep 
IT.  S.  (;eoI.  Survey,  pt.  2,  1S95,  p.  571. 

•^  Haworth,  E.,  Physical  properties  of  the  Tertiary  :  Fniv.  (Ieol.  Survey  Kansas,  vol.  : 
1897.   p.   2S:t. 

••Twenty-first  Ann.  Rept.  V.  S.  Geol.  Survey,  pt.  4,  1001,  055. 

^  Ibid.,  chap.  2,  p.  61-2-050. 
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ing.  In  color  the  clays  are  normally  white,  so  white  that  when  ex- 
^josed  they  are  frequently  spoken  of  as  "  gyp  "  cliffs  or  "  chalk  " 
*liflfs,  although  they  contain  neither  gypsum  nor  chalk.  However. 
he  color  of  the  clays  is  not  invariably  white;  it  often  grades  into 
lie  various  other  light  tints.  In  structure  the  clay  is  usually  so 
*<)ft  that  it  may  be  crushed  with  the  fingers;  but,  on  the  other  hand, 
lie  more  calcareous  members  are  frequently  indurated  and  make  a 
*5iir  quality  of  limestone.  Occasionally  beds  are  found  full  of  white 
iilcareous  lumps  or  concretions,  which  give  to  the  rock  a  mottled  ap- 
pearance. The  lime  often  cements  the  clay  together  in  the  form  of 
longated  concretions,  which,  on  weathering,  have  a  resemblance  to 
talactites,  as  shown  in  PI.  X,  5,  and  form  what  one  author  calls 
pipy  "  concretions.* 

Sand  l>eds  and  ledges  of  conglomerate*  also  constitute  a  considerable 
)art  of  the  Tertiary  and  Quaternary.  The  sand  is  usually  in  smooth, 
rounded,  Avhite  or  yellowish  grains  and  the  material  is  of  quartz. 
The  conglomerate  is  made  up  typically  of  smooth  water-worn 
pebbles,  usually  composed  of  quartz,  granite,  porphyry,  and  other 
i^eous  rocks,  varying  in  size  from  sand  grains  to  bowlders  as 
large  as  a  peck  measure.  These  pebbles  most  commonly  occur  in  beds 
or  layers  sometimes  as  much  as  25  feet  thick,  but  often  they  are  inter- 
mingled with  fine  sand  and  sometimes  sprinkled  through  the  clay 
members. 

In  a  number  of  localities  the  gravel  beds  at  the  immediate  base  of 
the  Tertiary  contain  considerable  numbers  of  water-worn  Gryphfva 
shells  of  lower  Cretaceous  age.  It  has  l>een  stated  that  at  the  present 
time  ther^  are  no  Cretaceous  rocks  exposed  between  the  red  l)eds  and 
the  Tertiary  deposits  in  this  part  of  the  Panhandle,  but  that  extensive 
Cretaceous  deposits  are  found  along  the  southern  and  western  edges 
of  the  Llano  Estacado.  Whether  these  shells  were  derived  from  the 
lower  Cretaceous  rocks  in  place,  or  were  transported  by  streams  from 
Ws  farther  west,  it  is  impossible  to  determine,  but  in  the  light  of 
available  data  the  latter  supposition  seems  probable. 

The  i-elative  proportion  of  the  different  rocks  enumerated  above 
varies  with  the  locality,  but  it  is  probable  that  three-fourths  of  the 
Tertiary  and  Pleistocene  material  exposed  along  the  eastern  edge  of 
the  Staked  Plains  is  some  form  of  clay,  silt,  or  marl,  the  other  one- 
fourth  l^eing  sand  or  conglomerate.  Farther  north,  in  Kansas  and 
Xebraska,  the  proportion  of  coarser  material  is  relatively  larger. 
)ften  being  more  than  one-half. 

In  all  places  on  the  plains,  so  far  as  known,  these  materials  are  ar- 
anged  in  a  heterogeneous  manner — the  clays,  sand,  pebbles,  silt, 
conglomerate,  and  other  forms  of  rock  occurring  indiscriminately 
md  without  similarity  of  [)osition.     In  one  place  a  st»cti(m  of  a  hill 

«  Darton,  Nelson  H.,  Report  on  the  seolo^y  and  water  resources  of  Nebraska  west  of 
03d  Mer. :    l*rof.  Paper  U.  S.  Geol.  Survey  No.  17,  11)03,  p.  Ifo. 
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shows  nothing  but  clay  and  silt ;  half  a  mile  away  beds  of  sandstoi 
and  gravel  occur;  and  still  farther  away  the  section  reveals  litt 
besides  sand  and  conglomerate.  (PL  X,  A^  5,  exhibits  typical  Te 
tiary  structure.) 

SAND   HILLS. 

There  are  two  general  classes  of  sand  hills  in  the  Panhandle,  tho: 
derived  from  the  disintegration  of  rocks  in  place  and  those  blown  i 
the  winds  from  some  stream  channel.  The  sand  hills  of  disintegrj 
tion  occur  usually  either  along  the  base  of  the  escarpment  at  the  fo( 
of  the  High  Plains  or  along  the  divide  between  two  river  system 
The  material  of  which  these  sand  hills  are  composed  has  been  largel 
derived  in  place  by  the  disintegration  of  Tertiary  rocks.  As  the  da 
and  silt  which  make  up  a  considerable  part  of  the  Tertiary  deposit 
were  removed  by  the  action  of  water  the  sand  and  gravel  remaine 
behind  and  the  finer  materials  have  been  shaped  by  the  wind.  I 
each  of  the  four  eastern  counties  of  the  Panhandle  there  are  coi 
siderable  areas  of  sand  hills  which  have  been  formed  in  this  mannc 
In  Lipscomb  and  Hemphill  counties  sand  hills  occur  along  Wolf  Crc 
and  on  the  divide  between  that  stream  and  Canadian  River.  Mii 
of  AMieeler  County  is  covered  with  sand  hills,  particularly  in  ^ 
region  between  Sweetwater  Creek  and  North  Fork  of  Bed  River. 
Collingsworth  County  there  is  a  region  10  to  15  miles  wide  south 
Salt  Fork,  extending  entirely  across  the  county,  composed  wholly 
these  sand  hills,  and  in  southeastern  Donley  County  there  are  lar, 
areas  covered  with  sand  hills. 

In  the  second  class  of  sand  hills  are  those  formed  of  wind-blo\ 
sand  derived  from  the  stream  channels.  In  the  Panhandle  regi< 
they  seem  to  occur  indiscriminately  on  both  the  north  and  south  sid 
of  the  various  rivers,  usually  along  the  flood  plain  between  the  cha 
nel  of  the  stream  and  the  bluffs.  Hills  of  this  character,  which  a 
composed  of  fine  white  or  yellowish  (|uartz  grains,  are  usually  barr 
of  vegetation,  as  shown  in  PI.  IV,  .1.  They  are  present  alo; 
practically  all  the  largi»r  streams,  particularly  along  Canadian  Riv 
and  Salt  Fork  of  Red  River.     Migi*ating  dunes  are  not  uncomnic 

ALLUVIUM. 

Along  all  the  large  streams  in  this  region  there  have  been  deposit 
materials  of  greater  or  less  thickness  that  have  bi»en  brought  by  t 
streams  from  higher  levels.  In  the  valley  of  Canadian  River  is 
broad  belt  of  lx)ttom  land  made  up  largely  of  alluvium,  which  he 
consists  chiefly  of  fine  sand  and  clay  mixed  with  decayed  organ 
matter  and  occasional  coarsc^r  gravels,  the  whole  constituting  a  sane 
loam.  As  much  of  the  clay  is  derived  from  the  red  beds,  the  loa 
often   i^artak^s  of  a   reddish   color.     Along  all   the   small   streai 
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emptying  into  Canadian  Kiver  are  bottom  lands  or  flood  plains  com- 
posed of  practically  the  same  material,  and  there  are  deposits  along 
tlie  various  tributaries  of  Red  River.  Along  North  Fork  and  Salt 
Fork  the  bottom  lands  are  from  half  a  mile  to  a  mile  wide. 

WATER  RK80URCE8. 

UNDERGROUND  WATERS. 
GENERAL   CONDITIONS. 

The  underground  waters  of  the  Panhandle  of  Texas  may  be  dis- 
cussed under  two  general  heads — red-beds  waters  and  Tertiary  waters. 
Under  the  latter  head  is  included  water  from  the  sand  hills.    The 
1^    ,1    water  of  the  red  beds  occurs  chiefly  on  the  eroded  plains  at  the  foot 
of  the  escarpment  in  the  southern  and  eastern  part  of  the  region. 
Qii   I     The  water  of  the  Tertiary  is  found  on  the  High  Plains  and  in  the 
escarpment  regions — that  is,  on  the  greater  part  of  the  area  under 
discussion.     The  water  of  the  red  beds  is  limited  in  amount  and 
r  (p,/     usually  impregnated  with  mineral  salts,  particularly  gypsum  (CaC04) 
jj  I      and  common  salt  (NaCl),  so  that  it  is  often  unfit  for  general  use, 
vhile  the  Tertiary  water  is  uniformly  abundant  and  almost  always 
pure  and  wholesome.     So  different  both  in  quality  and  quantity  are 
^  I     the  waters  from  these  two  horizons  that  it  seems  best  to  discuss  them 

^^'•'  WATER  FROM  THE  RED  BEDS. 
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Character, — Wherever  the  Permian  red  beds  are  exposed  the  water 
is  unsatisfactory   in   quality,   although    it   ordinarily   is   plentiful. 
Water  from  the  red  beds  generally  contains  appreciable  amounts  of 
mineral  salts,  which  in  many  cases  are  so  abundant  as  to  render  it 
unfit  for  general  use.     To  all  this  salt -impregnated  water  the  com- 
mon term  ''  gyp  "  water  is  applied.     In  point  of  fact,  however,  much 
of  the  water  does  not  contain  any  considerable  per  cent  of  calcium 
ivr{|    sulphate.     A  number  of  other  mineral  salts  are  found  in  the  red 
beds,  the  most  abundant  of  which  are  sodium  chloride,  sodium  sul- 
phate, sodium  carbonate,  magnesium  carbonate,  magnesium  sulphate, 
calcium  chloride,  and  sodium  borate,  in  about  the  order  named.     In 
some  instances  all  of  these  salts  are  found  in  the  water  of  a  single 
well,  but  in  most  cases  only  two  or  three  of  them  appear  in  appre- 
ciable quantities. 

It  must  not  be  understood,  however,  that  all  the  water  from  the 
red  beds  is  bad,  for  there  are  numerous  localities  where  soft  and 
pure  water  is  found.  Especially  is  this  true  of  the  localities  where 
the  water  is  obtained  in  the  Quartermaster  formation,  which,  as  has 
I)een  stated,  consists  largely  of  soft  sandstones  and  sandy  shales.     In 
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this  formation  but  little  gypsum  occurs,  and  the  proportion  of  the 
other  mineral  salts  enumerated  above  is  not  as  great  as  in  the  rocks 
of  the  Greer  formation.  The  general  statement  may  be  made,  how- 
ever, that  water  from  the  red  beds  is  not  good  water. 

Occurrence. — Water  in  the  red  lieds  is  usually  found  under  one  of 
two  conditions:  first,  in  sandstones  or  sandy  clay  beds,  and  second. 
in  undergi'ound  veins,  either  joints  in  the  clay  or  in  gypsum  caves 
As  has  l>een  stated,  the  red  beds  consist  largely  of  red  clay  shale 
with  occasionally  interbedded  members  of  sandstone  and  gypsum. 
In  part  the  clays  are  composed  of  very  fine-grained  material  which 
is  practically  impervious  to  water.     Frequently  they  contain  a  high 
proportion  of  sand,  in  which  ca.se  the  interstices  between  the  .san(i 
and  clay  particles  are  sufficiently  wide  for  the  seepage  of  water,  and 
it  is  from  l>eds  of  this  character  that  perhaps  the  greater  part  of  ^^ 
wells  obtain  their  permanent  supply.     In  many  parts  of  the  red  beds- 
esi>ecially  in  the  Quartermaster  formation,  the  arenaceous  clay  l>^^ 
become  a  true  sandstone  and  the  relatively  large  spaces  between    ^^ 
sand  grains  afford  ready  passage  for  water. 

Many  of  the  wells,  however,  find  their  supply  not  in  sand  nor  e "^'^^ 
in  sandy  shales,  but,  if  the  testimony  of  drillers  is  given  credence-r  ^ 
joints  in  the  red  clay.  Those  who  have  liad  experience  in  drill^  ^^ 
wells  agree  in  stating  that  while  tiie  greater  part  of  the  water  in  t^ 
red  beds  is  found  in  .sand,  many  of  the  wells  penetrate  nothing  l^  ' 
the  red  clay.  It  is  not  uncommon  for  the  drill  to  strike  a  so-call^^ 
vein  in  the  clay,  in  which  the  flow  is  so  strong  that  the  water  ris-^ 
many  feet  before  the  tools  can  be  lifted.  It  has  been  said  that  tl:^ 
red  beds  abound  in  sink  holes  and  caves,  and  that  from  many  of  \\%^ 
caves  springs  issue.  In  a  numlx^r  of  cases  the  drill  has  been  know^^ 
to  penetrate  these  caverns,  which  thus  become  res(»rvoirs  for  the  wells:- 
The  depth  of  wells  in  the  red  beds  varies  from  20  to  190  feet,  averaging 
(>0  feet. 

WATER    FROM    TERTIARY    ROCKS. 

Character. — Almost  without  exception  the  water  obtained  in  the 
Tertiary  and  sand-hills  deposits  of  the  Great  Plains  is  good.  Anal- 
yses of  water  from  a  number  of  wells  and  springs  in  these  forma- 
tions in  Nebraska,  Kansas,  Oklahoma,  and  Texas  have  almost  inva- 
riably shown  that  the  water  contains  little  or  no  harmful  mineral 
salts.  There  are  to  l)e  found  small  amounts  of  calcium  sulphate,  cal- 
cium chloride,  calcium  carbonate,  magnesium  carbonate,  and  sodium 
bicarbonate  in  the  water  of  some  of  the  wells,  but  the  average  amount 
of  mineral  salts  in  7  samples  was  but  15  grains  per  gallon.  The  w^ater 
on  the  plains  is  almost  universally  soft,  pure,  and  wholesome,  suitable 
for  household  and  stock  use. 
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0(Tifrrenee. — In  order  to  appreciate  the  underground-water  con- 
ditions of  the  High  Plains,  an  understanding  of  the  rocks  from  which 
the  water  is  obtained  is  necessary.     As  has  I:)een  shown  under  '*  Geol- 
ogj',"  pages  25-31,  the  Tertiary  deposits,  several  hundred  feet  thick, 
which  cover  this  region,  consist  chiefly  of  alternating  layers  of  clay, 
sand,  and  gravel.     It  is  generally  believed  by  geologists  that  the  ma- 
terial which  comprises  these  rocks  was  derived  largely  from  the  Rocky 
Mountains,  and  that  it  was  spread  out  in  the  beds  of  streams  which 
in  time  past  flowed  from  the  mountains  and  were  lost  on  the  plains. 
These  streams  left  deposits,  now  of  sand,  now  of  gravel  or  clay,  and 
now  of  pebbles,  which,  in  time,  were  covered  by  other  deposits,  some- 
times of  the  same,  but  more  often  of  other  material.     This  process 
was  continued  until  several  hundred  feet  of  alternating  beds  of  the 
various  kinds  of  rocks  were  deposited.     From  this  it  will  be  under- 
stood that  the  greater  part  of  the  beds  must  necessarily  be  irregu- 
larly lens-shaped  in  cross  section,  and  in  most  cases  will  not  be  found 
continuous  over  large  areas.     In  some  places  the  greater  part  of  the 
thickness  consists  of  clay  or  silt,  while  in  other  localities  sand  and 
gravel  predominate.     In  general,  it  is  observed  that  the  deposits  near 
the  base  of  the  Tertiary  have  a  greater  proportion  of  the  coarser 
material,  consisting  of  sand  and  gravel  beds,  and  that  at  a  higher 
level  they  have  clays  and  silts  in  greater  abundance. 

Most  of  the  water  of  the  High  Plains  is  known  as  "  sheet  water." 
This  is  a  term  almost  universally  used  in  the  western  part  of  the 
United  States  to  indicate  any  fairly  constant  supply  of  water  at  a 
more  or  less  uniform  depth  beneath  the  surface.     The  term  "  under- 
flow ■■  is  sometimes  used  to  indicate  practically  the  same  phenomenon. 
The  general  impression  seems  to  be  that  at  some  depth  beneath  the 
surface  there  is  a  regular  "  sheet "  or  "  lake  "  of  water,  which   if 
tapped  by  a  well  will  yield  a  constant  supply.     In  some  places  two 
or  even  three  "  sheets ''  are  supposed  to  exist,  and  the  expression 
"first   sheet"  and  "second   sheet."  or  "first    water"  and  "second 
water '"  are  common.    Another  prevalent  notion  is  that  the  water  in 
these  "  sheets  "  is  constantly  flowing,  stream-like,  beneath  the  surface, 
an  idea  disclosed  by  the  expression  "  the  underflow  is  to  the  south," 
or  "  the  underflow  is  east."     Much  of  this  theory,  however,  is  errone- 
ous and  not  based  on  valid  conceptions  of  the  conditions  found  in 
the  nature  and  relations  of  the  water-bearing  beds.    Rounded  grains 
of  sand  and  gravel  do  not  lie  close  enough  together  to  fill  all  of  the 
space,  but  have   interstices  between   them.     These   pores  or  spaces 
are  minute  reservoirs  for  the  water  which,  in  its  passage  through 
such  materials,  seeps  from  one  of  these  minute  reservoirs  to  the  next, 
and  thus  very  slowly  flows  along  underground.     This  movement  is 
called  **  underflow."'  but  it  is  not  nearly  so  rapid  as  popularly  sup- 
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posed.  Experiment  has  shown  that  even  along  stream  beds,  such 
as  the  Arkansas  River  in  western  Kansas,  the  rate  of  underflow  does 
not  average  more  tlian  10  feet  a  day."  On  the  High  Plains,  when* 
the  gradient  is  exceedingly  low,  it  is  doubtful  if  the  water  moves 
more  than  this  distance  in  a  year.  This  is  a  point,  however,  upon 
which  there  are  practically  no  data,  and  estimates  may  be  misleading. 
Dry  ground,  according  to  the  theory  just  advanced,  is  ground  the 
pores  of  which  contain  no  water,  while  wet  or  saturated  ground  is 
that  in  which  the  pores  are  filled.  Since  water  tends  to  sink  to  the 
lowest  levels,  there  is  in  most  regions  a  certain,  but  variable,  thick- 
ness of  l)eds  filled  with  water  in  what  is  technically  known  as  the 
"  zone  of  saturation.''  The  upper  surfact»  of  this  zone  of  saturation 
is  called  the  "'  water  table,''  and  this  is  often  identical  with  the  popu- 
lar phrase*  '*  sheet  water."  Since  water  moves  so  slowly  underground, 
this  w^ater  table  often  becomes  approximately  similar  in  contour  to 


Impervious  beds     Tertiary  mar la^  sandstones 
and   conglomerates 


Water  tables 
Fio.  3. — Ideal  Bectlon  of  Tertiary.  Bhowln^  first  and  second  sheet  water. 


the  surface  of  the  ground,  l)eing  high  on  the  dividers  and  low  near  th^ 
streams  where  the  water  may  escape  in  springs. 

Attention  has  been  called  to  the  conditions  under  which  these  bed^ 
were  laid  down.  As  originally  deposited  they  must  have  had  an 
irregular  outline  and  surface,  especially  when  laid  down  in  swamps 
or  lakelets.  Where  the  material  is  clay  or  very  fine  sand  its  inter- 
stices are  very  minute  and  practically  impervious  to  water.  Such 
fine  deposits  are  often  overlain  by  sand  and  gravel  in  basins  or  chan- 
nels, and  the,se  in  turn  by  other  fine-grained  deposits  in  varying  suc- 
cession, so  that  the  alternation  in  water-bearing  and  impervious  beds 
is  most  irregular,  as  shown  in  fig.  3.  If  such  deposits  are  penetrated 
by  a  well  the  first  sand  encountered  will  supply  water,  the  quantity 
of  which  depends  upon  the  size  of  the  water-bearing  deposit,  its 
coarseness  of  grain,  the  height  of  its  edges,  etc. ;  in  the  next  coarse 
sand  bed  a  second  w^ater  stratum  is  found,  and  so  on  until  finally  the 
main  water  table  is  penetrated.     This  may  be  considered  a  probable 


•  Sllchter,  Charles  S.,  The  motions  of  underground  waters :  Water-Sup.  and  Irr.  Paper 
No.  67,  U.  S.  Geol.  Survey,  1902,  pp.  41-43. 
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explanation  of  the  "  first  and  second  water,"  ''  first  and  second  sheet," 
etc.  It  also  possibly  accounts  for  conditions  similar  to  the  one  found 
iieiir  Groom,  Gray  County,  where  records  obtained  from  a  relatively 
small  area  show  well  depths  ranging  from  300  to.  360  feet,  except  in 
one  well  where  water  is  obtained  at  228  feet.  This  shallower  well 
probably  finds  its  source  of  supply  in  one  of  these  buried  basins. 

Wells  throughout  the  Tertiary  area  usually  secure  water  at  depths 
varying  from  20  to  500  feet.     On  the  High  Plains  the  average  of 
twenty  wells,  taken  at  random  from  half  a  dozen  counties,  was  258 
feet.     The  deepest  wells  are  found  along  the  line  of  the  Santa  Fe 
Railroad  on  the  high  divide  south  of  Canadian  River,  in  Carson  and 
Gray  counties,  where  the  wells  are  from  850  to  500  feet  deep.     On 
the   High   Plains  in   Hansford,   Ochiltree,  and   Lipscomb  counties, 
north  of  Canadian  River,  the  average  depth  is  240  feet.     In  Arm- 
strong County,  along  Prairie  Dog  Fork  of  Red  River,  the  average 
depth  is  less  than  200  feet.     In  certain  parts  of  the  region,  notably  in 
Hansford  and  Carson  counties,  the  driller  sometimes  fails  to  obtain 
a  water  supply,  and  instances  are  reported  where  the  entire  thickness 
of  the  Tertiary  has  been  ixmetrated   without  finding  an  adequate 
amount.     It   is  the  experience  of  drillei-s   that   if  the  ''  red  clay " 
(evidently  red-beds  clay)  is  encountered  without  finding  a  sufficient 
amount  of  water,  it  is  useless  to  go  deeper. 

SOURCE  OF  THE   INDERCiROX  ND   WATER. 

Ixx^al  precipitation  is  the  source  of  the  underground  water  of  the 
High  Plains.  The  rainfall  at  Amarillo,  Tex.,  a  few  miles  west  of 
the  region  here  discussed,  averaged  21.94  inches  annually  for  a  period 
of  twenty  years. 

Rainfall  on  the  surface  of  the  earth  is  disposed  of  chiefly  by  evap- 
oration, run-off,  and  sinking,  or  seepage  into  the  ground.  It  is  esti- 
mated that  in  general  the  amount  of  water  disposed  of  in  each  of  the 
three  ways  is  about  equal,  but  the  relative  amounts  in  different  regions 
depend  upon  several  local  conditions.  For  instance,  on  a  sleep  slope 
the  greater  part  runs  off;  in  a  warm,  arid  climate  the  greater  part 
evaporates,  while  in  loose  soil  the  greater  part  soaks  in. 

On  a  considerable  part  of  the  (ireat  Plains,  where  the  surface  is 
level  and  the  drainage  systems  undeveloped,  there  is  no  run-off,  and 
the  rainfall  is  either  absorbed  by  the  ground  or  evaporates.  After  a 
rain  the  water  which  does  not  evaporate  immediately  or  is  not  ab- 
sorbed by  the  ground  accunmlates  in  broad,  shallow  depressions  on 
the  surface,  known  as  "  buffalo  wallows,"  or  "  lakes,"  and  there  re- 
mains until  it  evaporates.  Johnson  estimates  that  not  more  than  3 
or  4  inches  annually  soak  into  the  ground,  an  amount  which  would 
not  saturate  more  than  about  1  foot  of  sandy  strata.**    This  estimate 

•Johnson,  WlUard  I>.,  The  High  Plains  and  their  utUhBatlon :  Twenty-ae<i<i\id  k\wu 
Kept.  r.  8.  fieol.  Survey,  pt.  4.  1902,  p.  640. 
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of  the  amount  of  water  absorbed  seems  rather  smaU« 
but  in  all  probability  not  more  than  «  inches  *>* 
rainfall  are  added  to  the  ground  water  each  year. 


THE    WATER   TABLE. 


S*^«fF^ 


As  stated  on  page  34,  the  "  water  table ''  or  '*  wat:  ^^ 
plane  "  is  the  subsurface  plane  l)eneath  which  tJX  ^^ 
ground  is  saturated  with  water;  in  other  words,  i9^^^ 
level  at  which  the  top  of  the  ground  water  stanch  ^ 
It  varies  constantly  from  place  to  place,  from  yei'^ 
to  year,  and  even  from  day  to  day.  It  is  supplier  ^ 
chiefly  from  rainfall  and  is  lowered  when  the  wat^^ 
is  removed,  as,  for  instance,  in  the  case  of  springs=rr-= 
by  artesian  wells,  or  by  heavy  pumping.  Ordinaril;^^' 
it  is  at  a  considerable  distance  Ixdow  the  surface^  - 
but  occasionally  it  reaches  the  surface  level,  as  ir^ 
springs,  swamps,  or  marshes. 

On  the  High  Plains  the  water  table  is  located  at: 
the  upper  point  of  saturation  of  the  pervious  beds. 
Well  records  show  that  this  water  level  for  the  High 
Plains,  as  a  whole,  averages  approximately  250  feet 
Mow  the  surface.  So  far  as  known,  this  level  is 
fairly  constant,  the  amount  of  water  taken  away  by 
springs  and  wells  being  approximately  equaled  by 
the  amount  added  each  year  by  precipitation.  Fig.  4 
shows  an  east-west  sedion  of  the  plains  and  the  posi- 
tion of  the  water  table. 


f iS^^M*  AMtf 


Fig.  4.— E<u<t-wcst  flec- 
tion of  HiKli  IMaiiiH. 
shouiiiK  )M>sitioii  of 
water  till >h>. 


USE    OF    WTXDMn.I^. 

As  the  Panhandle  is  chiefly  a  grazing  country', 
most  of  the  wells  have  been  put  down  for  the  pur- 
pose of  furnishing  water  for  cattle.  On  the  greater 
number  of  the  larger  ranches  wells  are  located  2|  to 
i^  miles  apart,  and  windmills  are  almost  universally 
used  to  bring  the  water  to  the  surface. 

Often  upon  the  prairie  the  only  object  in  view  to 
indicate  that  the  locality  is  inhabited  is  a  solitary 
windmill.  These  mills  are  placed  upon  towers  20 
to  J^O  feet  high,  constructed  of  wood  or  steel.  All 
types  of  factory-made  turbines  are  used,  but  the 
steel  mill  with  a  wheel  «  to  10  feet  in  diameter 
seems  to  be  most  eiTective  for  general  purposes. 
Larger  wheels,  some  even  20  feet  in  diameter,,  are 
<»niploved  to  elevate  the  water  for  the  entire  sup- 
ply of  some  of  the  larger  towns,  as,  for  instance*. 
Panhandle  and  Ochiltn^^.     (PI.  XI,  .4.)     On  the 


U.  ft.  GEOLOGICAL   SURVEY 


WATER-SUPPLY    PAPER    NO.    1M      PL.    XI 


.1      WINDMILL  AND   TANK   AT  OCHILTREE.   TEX. 


U      TYPICAL  WINDMILL  AND  TANK. 
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ro  the  wator  is  pumped  into  lar^e  steel  or  wooden  vats  or  into 
low  basins  (locally  called  ''tanks'')  excavated  in  the  ground  or 
led  hv  dannnin^  a  shallow  draw.  These  tanks  are  of  variou- 
s  but  ordinarily  they  have  a  capacity  of  s(»veral  thousand  bar- 
and  are  very  serviceable*  since  the  soil  is  of  such  nature  that  when 
oughly  compact  and  saturated  it  j>ermits  but  little  seepage, 
ucal  views  of  windmills  and  tanks  are  shown  in  PL  XI,  A,  B, 
mill  is  allowed  to  operate  continuously,  and  is  visited  occasionally 
1  rider  for  purpost»s  of  repairs  or  oiling.  Wind  is  such  a  con- 
t  factor  on  the  plains  that  little  concern  is  felt  regarding  the 
er  to  raise  the  water,  and  in  very  few  instances  are  provisions 
le,  or  are  otiier  means  necessary,  for  lifting  it.  In  a  few  in- 
ces  gasoline  engines  are  installed  for  use  in  case  of  emergency. 
he  Panhandle  a  \v(»ek  seldom  pass<»s  without  wind  to  drive  the 
s  so  that  they  will  supply  sufficient  water  for  the  stock. 

DEEP-SEATKI)    WATERS. 

he  project  of  obtaining  artesian  water  in  various  parts  of  the 
handle,  j)articularly  in  the  red-beds  areas  at  the  foot  of  the  High 
ins,  is  often  considered.  In  general,  the  arguments  advanced  in 
)r  of  the  project  are  based  on  the  mistaken  idea  that  there  is  an 
erground  source  of  supply  from  the  High  Plains  or  the  Rocky 
intains. 

rom  what  has  been  stated  already  it  will  be  understood  that  the 
?r  supply  of  the  High  Plains  is  derived  wholly  from  the  rainfall, 
while  the  part  which  sinks  into  the  ground  and  is  added  to  the 
ind  water  may  amount  to  5  or  0  inches  a  year,  the  geologic  struc- 

18  not  favorable  for  artesian  conditions.  Between  the  Tertiary 
the  underlying  red  ImmIs  th(»re  is  everywhere  a  pronounced  uncon- 
lity,  and  the  rocks  of  llic  red  ImmIs  beneath  this  unconformity  are 
posed  chiefly  of  impervious  clays  and  shales,  through  which  the 
T  can  not  i)ass  n^adily.  These  conditions,  then,  prechule  the 
)ability  of  artesian  water  supt)ly  having  its  source  on  the  High 
ns. 

bat  the  Rocky  Mountains  are  a  source  for  an  artesian  supply 
ugh  the  red  beds  is  also  improbable.  These  red  beds,  which  are 
red  by  the  Tertiary  of  th(»  High  Plains,  reappear  in  New  Mexico 
•nd  the  western  escarpment  of  the  plains,  and  are  exposed  along 
eastern  base  of  the  mountains  at  a  higher  altitude  than  in  the 
m  east  of  the  plains  escarpment.  Stmie  of  these  l)eds  are  coarse- 
tied,  and  doubtless  they  contain  water  in  some  places,  but  whether 

could  be  reached  by  dee})  wells  and  would  yield  water  in  the 
[landle  region  remains  to  be  determined.  Their  general  relations 
jhown  in  PI.  II  and  Hg.  *^.     In  the  eastern  part  of  the  Panhandle 
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these  l)eds  must  l>e  very  deep  seated,  probably  inort*  than  2,000  fe 
and  the  drill  has  never  reached  this  depth  in  the  re<l  l)eds  anywh* 
in  this  part  of  the  plains.  The  only  place  Avheiv  the  red  beds  h^ 
been  well  explored  is  along  their  eastern  margin  in  eastern  Oklahoii 
where,  however,  artesian  water  was  not  found. 

At  Childress,  Tex.,  20  miles  south  of  the  southeastern  corner  of  I 
region  discussed,  the  Fort  Worth  and  Denver  City  Railroad  1 
drilled  a  w^ell  to  a  depth  of  1,300  feet  in  search  of  water  for  engii 
and  shops.  From  the  surface  to  the  bottom  of  the  well  the  dr 
passed  through  nothing  but  red  clay  shales  containing  a  few  led^ 
of  sandstone  and  gypsum.  Several  horizons  of  salt  water  were  e 
countered,  but  no  fresh  water  was  obtained. 

At  a  ninnlK»r  of  points  in  Oklahoma  wells  have  been  drilled 
search  of  coal,  oil,  gas,  and  water,  but  so  far  artesian  supplies  ha 
nev(»r  been  found.  At  Fort  Reno  the  Government  sunk  a  well  to  < 
depth  of  1,400  feet  in  search  of  water  for  the  post,  but  none  v 
secured.  Near  Oklahonui  City  a  w^ell  2,050  feet  deep  passed  out 
the  red  l)eds  at  1,550  feet.     No  artesian  water  was  found. 

From  all  data  at  hand  the  conclusion  must  be  drawn  that 
chances  are  very  poor  for  finding  artesian  w^ater  in  the  red  beds  un< 
the  plains.  The  red  IkhIs  present  difficulties  to  very  deep  drill: 
which  usually  have  Iwen  insurmountable,  and  if  artesian  water  d 
exist  in  the  lower  members  of  this  series  it  is  doubtful  if  it  can 
reached  at  a  cost  which  would  lx»  generally  profitable.  However 
is  to  be  hoped  that  at  some  time  the  experiment  wall  be  tried  of  t( 
iug  all  of  the  red-lK»d  strata. 

SPRINGS. 

There  are  in  the  region  under  discussion  two  general  classes 
springs — those  from  the  red  beds  and  those  from  the  Tertiary  ji 
sand  hills.  Both  in  amount  of  flow  and  in  character  of  w^ater  th 
springs  differ  considerably,  and  for  that  reason  it  is  thought  best 
describe  the  two  classes  separately. 

RED- BEDS    SPRINGS. 

Springs  in  the  red  beds  are  of  infrequent  occurrence,  and  th 
present  are  rarely  strong.    They  may  be  classified,  according  to 
character  of  their  water,  as  salt  springs,  gypsum  springs,  and  f re 
water  springs. 

Salt  springs. — Along  the  branches  of  Red  River.  Prairie  D 
Salt,  and  Elm  forks,  there  are  a  number  of  weak  salt-w^ater  sprin 
often  little  more  than  seeps.  The  horizon  from  wiiich  the  water  con 
is  usually  near  the  base  of  the  Greer  formation.  On  Elm  Fork  of  I 
River  in  western  Greer  County,  Okla.,  5  miles  east  of  the  Texas  li 
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there  are  two  salt  plains  of  considerabh*  size,  fed  by  a  niiniher  of 
strong  salt  springs,  the  combined  flow  of  which  approximates  hun- 
dreds of  thousands  of  gallons  of  salt  water  a  day.  No  springs  as 
strong  as  these  are  found  in  any  part  of  the  Panhandle.  Some  salt 
springs  occur,  however,  but  so  far  as  known  the  salt  brine  of  Texas 
springs  is  not  used,  and  it  is  not  probable  that  the  salt  water  of  the 
Panhandle  will  ever  be  utilized,  on  account  of  the  much  larger 
amounts  near  at  hand  in  Oklahoma. 

Gypsum  springs. — Practically  all  the  gypsum  springs  in  the  Pan- 
handle issue  either  from  beneath  or  in  close  proximity  to  the  massive 
gypsum  ledges  that  make  up  a  considerable  part  of  the  (ireer  forma- 
tion. Such  springs  occur  along  Elm  Fork  of  Red  River  in  Collings- 
worth County  and  on  the  branches  of  Prairie  Dog  Fork  in  Col- 
lingsworth, Donley,  and  Armstrong  counties.  Sometimes  these 
springs  are  mere  wet-weather  seeps,  but  in  a  number  of  cases  they 
are  strong,  boiling,  perennial  springs  derived  from  underground 
streams,  flowing  from  beneath  ledges  of  white  gypsum. 

Fresh-water  sprmgs, — The  greater  number  of  the  fresh -water 
springs  of  the  red  beds  issue  from  the  Quartermaster  formation, 
which,  as  has  l>een  stated,  consists  largely  of  sandstone  and  sandy 
shale,  with  but  little  gypsum  or  other  mineral  salts.  The  conditions 
are  ideal  for  springs,  provided  there  is  a  source  of  supply,  and  in  a 
region  of  gi'eater  rainfall  a  large  number  might  l>e  expected  to  exist. 
In  the  Panhandle,  however,  the  numln^r  is  small.  In  the  Quarter- 
master formation  there  are  very  few  bold  flowing  springs.  This  is 
due  to  the  peculiar  lithologic  character  of  the  rocks,  mostly  soft  sand- 
stones and  sandy  clays,  which,  as  stated  on  page  21,  usually  weather 
into  i>eculiar  rounded  knobs  and  buttresses  and  into  narrow  canyons. 
It  is  in  the  latter  that  the  springs  occur,  and  it  is  not  uncouunon 
to  find  at  the  head  of  a  little  canyon  an  outcropping  ledge  of  sand- 
stone, beneath  which  the  water  seeps  out  of  the  bank.  The  flow  is 
rarely  strong,  but  it  is  often  very  persistent,  and  the  water  usually 
accimiulates  to  form  a  tiny  rill  in  the  bottom  of  the  canyon.  Ranch- 
men and  farmers  frequently  take  advantage  of  the  soft  rock  to  hollow 
out  a  small  basin,  in  which  the  water  collects,  often  in  quantities 
sufficient  to  supply  a  farmhouse,  or  even  to  furnish  water  for  a  num- 
ber of  cattle. 

Springs  are  occasionally  found  in  the  Dockum  l)eds,  issuing  from 
l)eneath  ledges  of  sandstone  or  from  under  the  conglomerate  mem- 
bers. These  springs  are  usually  weak  and  unimportant  and  so  far 
as  noticed  not  utilized.  This  latter  fact  may  be  attributed  chiefly  to 
their  inaccessibility,  for  the  Dockum  is  exposed  only  along  the  steep 
escarpment  at  the  foot  of  the  High  Plains. 
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TERTIARY    SPRINGS. 

Hiroughout   the  High  Plains  region  the  Tertiary  depasits  yiel^*»^ 
numerous  springs,  wliich  are  always  of  good  water  and  have  Ion 
b<»en  most  advantageous  to  the  settlers  and  travelers.     Camps,  forts- 
farms,  and  even  cities  have  been  located  with  reference  to  the  prox- 
imity of  a  Tertiary  spring  or  spring-fed  creek.     In  the  Texas  Pan- 
handle there  are  thousands  of  such  springs.     They  are  found,  usually 
in  great  numbers,  in  every  one  of  the  twelve  counties  described  in 
this  report. 

The  source  of  supply  of  the  Tertiary  springs  is  chiefly  in  the 
ground  water,  otherwise  called  the  '*  sheet  w^ater/'  or  "  underflow," 
of  the  High  Plains,  and  they  are  usually  found  where  deep  canyons 
have  l)een  cut  into  the  highlands. 

Not  infrequently  springs  occur  at  the  line  of  contact  between  the 
Tertiary  deposits  and  the  clay  strata  of  the  upper  part  of  the  red  beds. 
This  condition  is  due  to  the  ready  seepage  of  water  through  the 
Tertiary  sands  to  the  top  of  the  impervious  red  beds,  where  it  flows 
laterally  until  it  reaches  the  surface.  Many  of  these  contact  springs 
do  not  issue  from  a  single  opening,  but  the  water  finds  its  escape 
along  a  zone  of  seepage  extending  sometimes  for  hundreds  of  yards 
nlong  the  side  of  a  cliff.  In  such  cases  the  amount  of  water  dis- 
charged at  any  one  ])lace  is  not  large,  but  the  aggregate  is  often 
considerable. 

p]xcellent  springs  frequently  occur  in  the  sand  hills  at  the  con- 
tact of  the  sand  and  the  relatively  impervious  underlying  strata. 
The  flow  from  th(»se  sand-hill  springs  is  seldom  strong,  but  the  water 
is  pure  and  wholesome.  Sj)rings  of  this  typ(»  occur  chiefly  in  the 
sand-hill  regions  of  the  four  eastern  counties. 

In  a  region  where  the  underground  supply  is  scanty  the  water 
that  issues  from  springs  is  nec(»ssnrily  limited  in  amount.  Very  few 
of  the  springs  discharge  half  a  second-foot  of  water,  and  perhaps  the 
greater  number  of  tluMu  will  not  average  one-tenth  of  that  amount. 
The  water  usually  flows  but  a  short  distance  and  then  disappeai's  in 
the  sand.  AMiere  there  are  a  number  of  strong  springs  in  a  locality 
the  water  unites  to  form  a  small  creek,  which  is  sometimes  perennial, 
but  usually  intermittent. 

STREAMS. 
rLASSlFlCATlON    OF   DRAINAGE. 

The  drainage  of  this  region  flows  into  Mississippi  River.  The 
water  from  the  northern  j)art  of  the  area  flows  into  either  the  Cana- 
dian or  the  North  Fork  of  the  Canadian,  tributaries  of  Arkansas 
River,  while  the  water  from  the  southern  part  reaches  Red  River. 
The  drainage  may  be  classified  as  follows: 
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N&rth  Fork  of  Canadian  drainage. — Coldwater,  Palo  Duro,  and 
Wolf  creeks  are  tributary  to  North  Fork  of  Canadian  River. 

Canadian  drainage. — Canadian  River  flows  northeast  across  this 
i-e^on  into  Oklahoma,  traversing  Hutchinson,  Roberts,  and  Hemphill 
c'tnmties.  It  receives  as  tributaries  a  numl)er  of  small  creeks  which 
rise  on  the  plains  both  north  and  south  of  the  river,  cutting  their  way 
through  the  escarpment  and  entering  the  river  nearly  at  right  angles. 
The  width  of  the  basin  from  watershed  to  watershed  averages  not 
more  than  35  miles. 

Red  River  drainnge, — Five  main  branches  of  Red  River  either 
rise  in  or  pass  through  this  part  of  the  Panhandle.  Beginning  on 
the  north  they  are  as  follows:  (1)  Washita  River,  which  in  Oklahoma 
and  Indian  Territory  Ix^comes  a  stream  of  considerable  size,  rises  in 
southwestern  Hemphill  County  and  flows  east;  (*2)  North  Fork  has 
its  source  in  (irray  Comity  and  flows  east  across  Wlieeler  C^ounty  into 
Oklahoma;  (3)  Elm  Fork  has  its  origin  in  northwestern  Collings- 
worth County  and  flows  southeast;  (4)  Salt  Fork  rises  in  northern 
Armstrong  County  and  flows  east  across  Collingsworth  County 
before  reaching  Oklahoma;  (5)  Prairie  Dog  Fork  rises  on  the  High 
Plains  far  to  the  west,  and  in  this  region  flows  through  Palo  Duro 
(^anyon  across  the  southwest  corner  of  Armstrong  County.  These 
four  branches.  North,  P21m,  Salt,  and  Prairie  Dog  forks  join  at  the 
southeast  corner  of  Greer  County,  Okla.,  forming  Red  River,  a 
tributary  of  Mississippi  River. 

STREAMS    IN    DETAIL. 

Coldwater  Creek, — In  its  upper  course  this  stream  is  known  as 
Rabbit  Ear  Creek,  from  the  fact  that  it  risi»s  near  the  Rabbit  Ear 
Mountains,  two  volcanic  peaks  in  northeastern  New  Mexico.  It  flows 
southeast  across  Dallam  and  Shernum  counties,  then  turning  north- 
east crosses  the  northwest  corner  of  Hansford  County,  passes  into 
Beaver  County,  Okla.,  and  empties  into  Beaver  Creek  at  the  town  of 
Hardesty.  In  its  course  through  Hansford  County  it  has  cut  a 
canyon  1  to  3  miles  wide  and  approximately  100  feet  deep  into  the 
Tertiary  rocks  of  the  High  Plains.  The  stream  is  fed  by  Tertiary 
springs.     Consequently  its  water  is  fresh. 

Palo  Duro  Creek. — This  stream  flows  diagonally  across  Hansford 
County  from  southwest  to  northeast.  It  is  a  typical  High  Plains 
stream.  Rising  on  the  level  prairie,  it  soon  begins  to  cut  a  trench, 
which  becomes  deeper  and  wider  until  in  Hansford  County  it  is  a 
canyon  1  to  3  miles  wide  and  100  feet  below  the  level  of  the  plains. 
Only  in  parts  of  its  course  is  there  water  the  year  around.  At  Hans- 
ford, the  county  seat,  the  stream  is  dry  exc(»i)t  after  li(»avy  rains,  but 
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15  miles  downstream  running  water  appears.  This  stream  also 
empties  into  Beaver  Creek  in  Beaver  County,  Okla. 

Wolf  Creek, — Wolf  Creek  risers  on  the  High  Plains  a  few  miles 
southwest  of  Ochiltrets  the  county  seat  of  Ochiltree  County,  and  flows 
cast  across  Ochiltree  and  Lij)scomb  counties  into  Woodward  County. 
Okla.  At  old  Fort  Supply  it  joins  Beaver  Creek,  forming  North 
Fork  of  Canadian  River.  In  its  upi)er  course  it  has  cut  a  narrow  can- 
yon with  precipitous  bluffs.  Farther  down  it  passes  out  of  the  High 
Plains  and  enters  the  sand-hills  region,  where  the  bed  is  wide  and 
sandy.  The  creek  is  fed  by  small  branches — Camp,  Willow,  Cotton- 
wood, Plum,  Mammoth,  and  others — the  water  of  which  comes  from 
Tertiary  springs  among  the  sand  hills.  Wolf  Creek  has  the  reputa- 
ti(m  among  the  cattlemen  of  l)eing  the  most  constant  stream  in  the 
Panhandle. 

(Uinadiau  Hirer, — The  largest  stream  in  the  Panhandle  of  Texas. 
Canadian  River,  has  its  headwaters  among  the  high  peaks  of  the 
Rock}^  Mountains  in  northern  New  Mexico.  In  its  upper  course  it 
receives  a  numlx^r  of  tributaries  which  are  fed  by  mountain  springs. 
After  leaving  the  mountains  it  flows  southeast  first  across  a  plain 
composed  of  upjx^r  Cretaceous  rocks,  then  for  nearly  100  mile.^ 
through  a  canyon  500  to  800  feet  deep  in  the  Dakota  sandstone, 
finally  reaching  the  red-l)eds  plain  in  the  I'egicm  north  of  Tucumcari. 
N.  Mex.  At  this  point  it  changes  its  direction  to  the  northeast  and 
so  flows  out  of  New  Mexico  and  across  the  Panhandle  of  Texas  into 
Oklahoma,  where  it  again  turns  southeast,  finally  joining  Arkansa^ 
River  in  the  eastern  part  of  Indian  Territory.  Of  the  TOO  miles  of 
its  course  only  alM)ut  100  miles  are  included  in  the  part  of  the  Pan- 
handle under  discussion.  Across  this  region  it  flows  in  a  broad  curve, 
convex  to  the  north,  crossing  southeastern  Hutchinson,  northern 
Roln^rts,  and  middle  Hemi)hill  counties  l)efore  passing  into  Okla- 
homa. Throughout  this  distance  the  river  has  cut  a  broad  canyon  in 
the  High  Plains.  In  places  the  headlands  l)etween  the  tributar\ 
(•r<H»ks  approach  almost  to  the  nver,  but  at  most  points  the  fl(Kxl  plain. 
usually  a  sandy  flat,  is  '2  to  4  miU»s  wide.  The  channel  of  the  river 
itst»lf  is  a  sand  bed  averaging  three-quarters  of  a  mile  in  width. 

Canadian  River  is  perhai)s  more  treacherous  than  any  othei 
stream  of  the  plains.  The  stream  is  either  dry  or  a  raging  torrent 
The  liver  may  have  been  dry  for  weeks  at  a  time,  when  suddenly 
without  warning,  a  wall  of  water  s(»veral  feet  high  rushes  down  thi 
channel,  sweeping  (everything  before  it,  and  for  a  number  of  dayt 
tlie  river  continues  high,  then  gradually  subsides,  following  thi^ 
periixl  of  abnormal  flow  the  sand  in  the  stream  becomes  "quicksand,' 
or  loose  sainl  which  appears  firm  but  gives  way  suddenly  under  foot 
rendering  th(»  stream  extremely  dangerous  to  cross.     Many  a  herd  o1 
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cattle  has  been  mired  in  Canadian  River,  and  every  year  loaded 
xragons  and  even  teams  are  abandoned.  The  cause  of  the  sudden 
and  rapid  rises  is  not  yet  fully  understood,  but  most  of  them  are 
caused  by  heavy  rains  near  the  head  of  the  stream. 

Such  sudden  rises  are  not  confined  to  the  Canadian  River,  or  to  the 
larger  streams,  for  the  small  streams  exhibt  the  same  phenomena, 
I  hough  on  a  much  diminished  scale.  PI.  XII,  .1,  5,  shows  a  rise 
Tvhich  occurred  on  Red  Deer  Creek,  a  tributary  of  the  Canadian, 
at  Miami,  Roberts  Coimty,  August  16,  1904.  The  town  lies  in 
a  rather  narrow  valley  cut  by  the  stream  into  the  High  Plains. 
There  had  been  no  rain  at  Miami  for  several  weeks  and  the  bed 
of  the  creek  was  a  dry  sand  flat.  A  heavy  rain  occurred  at  the 
head  of  the  creek  a  few  miles  southwest,  and  two  hours  later  the 
water  canie  down  the  stream  channel,  a  narrow  tongue  of  white 
foam,  as  shown  in  PI.  XII,  A.  This  was  followed  by  a  wall  of 
turbid,  yellow  water  that  filled  the  banks  of  the  stream.  In  half  an 
hour  the  flood  was  at  its  highest,  a  seething,  foam-capped  torrent. 
By  next  morning  the  water  had  disappeared  except  from  a  few  pools 
in  the  channel,  as  shown  in  PI.  XII,  B^  and  by  noon  even  these  were 
dr>\ 

Canadian  River  does  not  receive  any  large  tributaries  in  its  course 
across  the  plains.  In  three  counties  which  it  crosses  in  the  region 
to  which  this  report  relates  there  are  a  number  of  small  creeks,  none 
more  than  25  miles  long,  emptying  into  the  river.  Of  these  the  most 
important  are  Spring,  Kit  Carson,  Dixon,  Antelope,  Blue  Bear,  Wal- 
nut, Buffalo,  AVhite  Deer^  and  Red  Deer,  all  of  which  rise  on  the  High 
Plains  and  cut  their  way  through  the  escarpment  before  reaching  the 
river. 

Washita  River, — Only  the  upper  course  of  Washita  River  is  in 
Texas,  where  it  is  a  small  creek,  not  differing  from  scores  of  others 
which  take  their  rise  in  the  escarpment  and  sand-hill  regions.  It 
flows  east  across  the  soiitlici-n  part  of  Hemphill  County.  Farther 
east  in  Oklahoma  the  valley  of  the  Washita  lies  almost  entirely  in 
the  red  l)eds,  and  it  is  there  known  as  the  muddiest  stream  of  the 
plains.  In  Hemphill  County,  Tex.,  however,  it  has  not  yet  cut 
through  the  Tertiary,  and  is  hen*  a  clear,  fresh- water  stream. 

North  Fork  of  Red  Rirer. — This,  the  northernmost  of  the  four 
liranches  which  make  up  the  Red  River,  rises  on  the  High  Plains,  in 
C^arson  County,  breaks  through  the  escarj>ment  in  Gray  County,  and 
flows  northeast  into  \\Tieeler  County,  then  southeast  into  Oklahoma. 
East  of  the  Gray-A^Hieeler  county  line  the  stream  has  cut  through  the 
Tertiary  deposits  and  into  red  beds,  which  are  here  exposed  along  its 
north  bank,  while  on  the  south  side  sand  hills  occur.  Across  Gray 
and  Wheeler  counties  the  l)ed  of  North  Fork  is  sand  choked  and  has 
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a  surfat'e  flow  only  part  of  the  year.  The  chief  tributaries  of  Xoilh 
Fork  are  McClellaii  Creek,  which  drains  southern  Gray  County, 
emptying  near  the  Wheeler  County  line,  and  Sweetwater  (Veek,  j" 
which  drains  northern  Wheeler  County  and  passes  into  Oklahoma  j 
lK»fore  joining  the  nniin  stream.  All  of  these  streams  are  fed  by  j 
Tertiary  springs,  and  ev(»n  where  the  surface  sand  is  dry  w-ater  may  L 
usually  be  obtained  by  digging  a  few  feet.  1 

Elm  Fork  of  Red  Rirer. — Northern  Collingsworth  and  southern     , 
Wheeler  counties  are  drained  by  Elm  Fork,  which  rises  along  the    / 
(escarpment,  but  soon  reaches  the  red  lieds,  across  which  it  flows  for    /J 
the  greater  j)art  of  its  course*  in  Texas.    The  water  of  the  upi)er  (^ 
branches  is  derived  from  the  Tertiary  springs  in  the  sand  hills  along  1 
the  escarpment,  but  as  soon  as  the  river  enters  the  red-beds  forma-    1 
tions,  gyj)sum  and  salt  water  flow  into  it,  until  by  the  time  it  reached    » 
the  Oklahoma   line  the   water  has  lost  its  purity.     Shortly  after 
entering  (Jreer  County   it  receives  water  from  a  number  of  sal'^ 
springs,  and  from  that  point  is  considered  to  contain  the  saltie^^ 
water  of  any  stream  of  the  plains. 

Salt  Fork  of  Red  Rirer. — Salt  Fork  is  a  typical  stream  of  th^* 
plains.  It  rises  far  out  on  the  Llano  Estacado  in  southern  Carsoi3 
(\)unty,  crosses  northeastern  Armstrong  County,  and  flows  entireh" 
across  Donley  and  Collingsworth  counties  lK*foi*e  reaching  the  Okla- 
homa lino.  In  its  upper  course  it  is  but  a  shallow  draw  in  the  level 
prairie,  but  eastward  it  soon  flows  in  a  trench,  and  10  miles  from  its 
source  this  dei»pens  into  a  canyon  with  cliffs  of  white  Tertiary  beds. 
Up  to  this  point  the  stream  ivceives  no  water  except  the  run-off,  but 
a  few  miles  lower  in  its  coursi*  it  reaches  the  Tertiary  springs  level 
and  has  a  surfaci*  flow  the  greaier  part  of  the  year.  Eastward  the 
IkhI  wiilens  and  becomes  sand  choked,  until  in  central  Donley  County, 
north  of  Clarendon,  it  cuts  through  the  lower  members  of  the  Tertiary 
and  enters  the  red  IkhIs.  From  that  point  almost  to  Mangum,  in 
(ireer  County,  Okla.,  it  flows  In^tween  red-l)eds  bluffs  on  the  north  side 
and  sand  hills  on  the  south  side.  It  is  a  sandy,  treacherous  stream, 
dangerous  to  cross  exce])t  when  low. 

Prairie  Dor/  Fork  of  Red  Rtrer, — This  stream  flows  southwest- 
ward  across  Armstrong  (^ounty  in  Palo  Duro  Canyon,  which  has 
been  discussed  under  *' Topography,"  page  12.  This  canyon  is  jx^r- 
haps  the  most  notable  cany(m  in  the  High  Plains.  Near  its  mouth 
the  walls  are  approximately  1,000  feet  high,  comj)osed  of  red  lx»ds 
in  the  lower  part  and  of  Tertiary  deposits  above.  Several  creeks 
are  tributary  to  this  stream,  the  chief  of  which.  Spinel's  and  Mul- 
berry creeks,  drain  parts  of  southei-n  Collingsworth  and  Donley 
counties.  These  streams  do  not  (lifter  materially  from  others  in  this 
region.  Spillers  Creek  rises  in  the  sand  hills  of  Collingsworth 
County  and  flows  southeast  across  the  red  beds  into  Childress  County 
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before  joining  Prairie  Dog  Fork.  Mulberry  Creek  rises  on  the  High 
Plains  and  has  cut  a  deep  canyon  entirely  through  the  Tertiary  to  a 
depth  of  several  hundred  feet  into  the  red  beds. 

DRAINAGE  OF  THE  HIGH  PLAINS. 

From  what  has  been  said  it  will  l>e  understood  that  there  is  a  con- 
siderable portion  of  the  Panhandle  which  has  no  developed  drainage; 
in  other  words,  from  a  great  part  of  the  High  Plains  there  is  no  run- 
off.    The  headwaters  of  the  various  small  streams  tributary  to  Cana-* 
dian  or  Red  rivers  have  cut  into  the  slope  of  the  escarpment,  but  so 
far,  except  in  a  few  isolated  localities,  the  flat  upland  has  not  yet 
l>een  invaded  and  remains  still  uneroded.     It  is  graphically  described 
by  Johnson,**  who  says  the  plains  are  the  remnants  of  an  old  debris 
apron^  unscored  by  drainage,  yet  standing  in  relief. 
[      Scattered  at  irregular  intervals  on  this  flat  surface  are  saucer- 
sdiaped  depressions,  in  which  water  collects.     In  size  these  depres- 
sions vary  from  the  ordinary  "  buffalo  wallow,"  a  few  feet  across 
(PI.  Xlli,  .4),  to  lakes  hundreds  of  rods  in  diameter  (PI.  X'lII,  B). 
In  a  few  instances,  particularly  in  localities  near  the  edge  of  the 
plain,  the  basins  are  deep  and  bow^l  shaped,  as  shown  on  PI,  XIV,  B, 
Often  the  lakes  are  perennial  and  afford  an  abundant  supply  of  stock 
water  the  year  round ;  others  are  ephemeral,  being  filled  by  rains  but 
soon  becoming  dry,  while  still  others  contain  water  part  of  the  year. 
These  lakes  occur  with  no  regularity.     In  some  localities  on  the  High 
Plains  there  are  none  of  these  basins  for  miles,  while  in  other  sections 
there  are  sc*ores  of  them  in  a  single  township.     PI.  XV  represents  the 
conditions  on  the  High  Plains  in  parts  of  Carson  and  dray  counties. 
Many  of  the  larger  depressions  have  extensive  drainage  basins, 
which  sometimes  collect  the  water  from  a  number  of  square  miles. 
Small  prairie  streams  receive  the  run-off  from  the  outer  part  of  the 
basin  and  lead  to  the  lake.     It  is  not  infrequent  in  traversing  the 
High  Plains  to  encounter  a  sag  in  the  surface  along  which  storm 
water  is  carried  to  a  near-by  lake.     These  small  stream  beds,  how- 
ever, rarely  exceed  a  mile  or  two  in  length.     In  view  of  the  admirable 
treatment  of  the  subject  by  Johnson,''  there  seems  no  need  to  enter 
upon  a  discussion  of  the  origin  of  these  lakes.     The  writer  agrees 
that  the  "  innumerable  hollows  in  the  High  Plains  surface,  large  and 
.small  alike,  are  due  to  ground  settlement  rather  than  to  some  process 
either  of  original  construction  or  of  subsequent  erosion.'*'' 

The  influence  of.  these  lakes  upon  the  settlement  of  the  country  has 
l^een  important,  for  on  the  High  Plains  the  matter  of  water  supply  is 

•  Johnson.  W.  D..  The  High  Plains  and  their  atilization :   Twenty-first  Ann.  Rept.  U.  S. 
Geol.  Survey,  pt.  4,  1901.  p.  626. 
•Ibid.,  pp.  695-711. 
'  n>ld.,  p.  702. 
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vital.  In  the  early  history  of  the  Panhandle,  before  wells  had  been 
sunk,  these  lakes  constituted  the  only  source  of  supply,  and  thus  it 
happened  that  the  early  cow  camps  were  located  beside  some  per- 
manent body  of  water.  In  a  number  of  instances  a  town  grew  up  at 
the  site  of  the  cow  camp,  and  to-day  some  of  the  largest  county  seats— 
for  example,  Clarendon,  Claude,  and  Panhandle — owe  their  location 
to  the  presence  of  such  basins.  Although  windmills  are  now  used  to 
draw  water  for  household  use,  as  shown  in  PL  XI,  A^  -ff,  a  great  part 
of  the  stock  water  still  comes  from  the  lakes. 

IRRIGATION. 
NEED   OF   IRRIGATION. 

The  Panhandle  of  Texas  is  located  in  the  semiarid  belt  of  the  (Jreat 
Plains.    The  annual  rainfall  averages  approximately  20  inches,  but 
the  greater  part  of  this  amount  is  from  dashing  rains.     During  cer- 
tain seasons  there  is  little  or  no  rain.     The  soil  is  extremely  fertile, 
and  if  water  were  present  it  is  capable  of  producing  abundant  crops. 
At  various  times  on  the  High  Plains  farming  has  been  attempted, 
and  often  with  success  for  a  few  years,  but  usually  seasons  of  drought 
have  ensued  and  the  effort  has  been  abandoned.     In  general,  practi- 
cally all  the  crops  that  have  been  raised  successfully  on  the  High 
Plains  are  such  forage  plants  as  kaffir  corn,  sorghum,  and  milo  maize, 
which  are  able  to  mature  with  a  minimum  of  moisture.     At  the  tooi 
of  the  plains,  particularly  along  some  of  the  stream  valleys,  the 
culture  of  corn,  oats,  cotton,  and  alfalfa  is  now  being  attempted  with 
considerable   success.     Crops   are   frequently   abundant   for   several 
successive  years,  but  occasionally  fail  during  i>eriods  of  drought. 

It  will  be  readily  understood  that  in  a  region  with  climatic  con 
ditions  such  as  those  in  the  Panhandle,  irrigation  is  necessary  foi 
successful  farming.  This  fact  has  long  l)een  recognized  and  a  num 
ber  of  desultory  attempts  have  been  made  to  irrigate  small  tracts 
but  nothing  approaching  a  large  system  has  ever  been  projected. 

POSSIBLE   METHODS   OF    IRRKiATION. 

It  is  proposed  in  the  following  pages  to  discuss  four  possible  mode* 
of  irrigation  which  might  be  put  into  operation  in  the  Panhandle  o: 
Texas,  viz,  (1)  irrigation  from  streams,  (2)  springs,  (3)  storn 
water,  and  (4)  wells. 

Irrigation  from  streams. — It  has  been  shown  above  that  the  largei 
streams  of  this  region  practically  all  flow  in  broad,  shifting,  sand 
choked  channels,  contained  between  low,  sandy  banks,  and  that  th( 
water  varies  constantly,  the  stream  being  at  one  time  a  rushing  tor 
rent,  at  another  nothing  but  a  dry  sand  l:)e(l.  Only  one  of  these 
rivers — the  Canadian — has  its  headwaters  in  the  mountains;  all  the 
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others  take  their  rise  on  the  High  Plains  and  are  fed  by  local  rains 
or  by  springs. 

There  are  no  Government  gaging  stations  in  the  Panhandle  of 
Texas,  and  no  accurate  data  are  available  regarding  the  amount  of 
flow  in  the  various  rivers.  It  is  known,  however,  that  enough  water 
passes  down  the  streams  each  year,  particularly  during  times  of 
flood,  to  irrigate  considerable  areas  of  valuable  land.  In  most  cases, 
however,  there  would  be  great  difficulty  in  storing  these  flood  waters. 
In  the  first  place,  so  far  as  known,  there  are  no  available  dam  sites 
along  the  larger  streams.  The  broad,  shallow  channel,  sometimes 
filled  to  a  depth  of  100  feet  with  fine  sand,  precludes  the  construction 
of  masonry  dams.  Besides  this,  in  most  cases  material  for  dams  is 
rare,  or,  indeed,  entirely  wanting.  There  are  few  hard  rocks  in  this 
region  except  an  occasional  local  ledge  of  sandstone  or  dolomite  in 
the  red  beds  and  some  indurated  Tertiary  limestone  along  the  bluffs. 
Again,  the  sandy  nature  of  the  soil  along  the  streams  presents  diffi- 
culties in  the  way  of  the  construction  of  ditches. 

Along  some  of  the  smaller  streams  irrigation  has  been  carried  on 
with  more  or  less  success.  Along  Palo  Duro  Creek,  near  the  post- 
office  of  Mulock,  in  northeastern  Hansford  County,  Robinson 
Brothers  have  a  plant  in  operation  from  which  35  acres  are  irrigated. 
The  difficulty  at  this  place  has  been  in  securing  a  suitable  site  for  the 
dam,  and  the  scarcity  of  material  with  which  to  construct  it.  In 
former  years  several  dams  here  have  been  washed  out  during  times  of 
high  water.  Other  similar  plants  are  projected  farther  down  Palo 
Duro  Creek;  one  at  Range,  Okla.,  12  miles  below  Mulock,  has  been 
in  successful  operation  for  a  number  of  years.  In  eastern  Wheeler 
County  the  water  of  Sweetwater  Creek  was  formerly  utilized  to  irri- 
gate a  tract  of  60  acres,  but  in  the  last  few  years  the  project  has  been 
abandoned.  There  are  a  number  of  smaller  streams  where  small 
plants  sufficient  to  irrigate  10  to  25  acres  might  be  successfully  in- 
stalled. Particularly  are  there  opj)ortunities  for  such  projects  along 
Mammoth,  Wolf,  and  Sweetwater  creeks,  the  upper  branches  of  the 
various  forks  of  Red  River,  and  some  of  the  short  tributaries  of 
Canadian  River. 

Irrigation  from-  springs. — Since  only  springs  that  have  a  consider- 
able flow  can  l)e  utilized  for  this  purpose,  irrigation  from  springs 
must,  at  best,  be  confined  to  limited  areas.  In  the  Panhandle  it  is 
rather  an  unusual  occurrence  for  a  spring  to  be  located  where  the 
water  may  he  led  off  to  irrigate  a  tract  of  land,  but  in  a  few  cases 
there  are  springs  wliich  are  so  located  that  they  might  be  thus  util- 
ized. So  far  as  known  there  is  no  irrigation  directly  from  a  single 
spring  in  this  region,  but  there  are  localities  in  which  a  small  creek, 
formed  by  a  number  of  springs  uniting,  might  be  deflected  from  its 
channel  and  carried  by  a  ditch  over  a  tract  of  land.     Examples  of    ^ 
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this  condition  might  be  cited  along  the  smaller  tributaries  of  Wc 
and  Sweetwater  creeks  and  Canadian  River. 

Irrigation,  front  storm  waters. — Much  of  the  rainfall  of  the  Pi^ 
handle  occurs  as  dashing  showers  at  irregular  intervals,  chiefly  di 
ing  the  spring  and  summer  months.     After  a  shower  the  water 
the  High  Plains  accumulates  in  shallow  sags  which  empty  into  broa 
shallow  ''  lakes ;  '^  while  among  the  breaks  and  at  the  foot  of  t 
plains  it  passes  into  the  streams.     In  numerous  places  the  sags  on  t 
High  Plains  or  the  dry  channels  among  the  breaks  have  been  damnu 
forming  reservoirs,  known  locally  as  "  tanks,"  to  hold  stock  wat 
and  in  a  few  instances  a  ditch  has  been  led  out  from  one  of  thi 
artificial  ponds  to  irrigate  a  few  square  rods  of  garden  or  orchai 
While  it  is  obvious  that  irrigation  of  this  character  can  never 
practiced  on  a  large  scale,  it  is  nevertheless  possible  for  hundreds 
families  in  the  region  to  be  provided  with  home-grown  vegetabl 
and  fruit  by  irrigation  from  storm  waters. 

Irrigation  from  wells. — In  the  discussion  of  the  subject  of  an 
sian  water  in  another  part  of  this  report,  the  conclusion  was  reach 
that  the  probabilities  for  artesian  supply  in  the  Panhandle  are  ii 
good.  On  the  other  hand,  however,  ordinary  wells,  which  are  coi 
mon  in  all  parts  of  the  region,  usually  supply  considerable  amour 
of  water,  often  more  than  is  needed  for  stock  water  and  domestic  ui 
and  the  surplus  might  well  be  used  for  irrigation.  The  chief  dil 
culty  in  the  way  of  the  utilization  of  well  water  for  these  purposes 
the  matter  of  expense  in  lifting  the  water  to  the  surface.  In  tl 
region  wind  power  is  almost  universally  used  for  this  purpose, 
localities  where  wells  are  shallow,  as,  for  instance,  along  stream  valle 
or  among  the  sand  hills,  it  has  l)een  found  profitable  to  use  water  frc 
wells  for  irrigating  areas  of  considerable  size.  In  the  greater  j)a 
of  the  Panhandle,  however,  the  water  is  too  deep  to  be  used  in  tl 
way.  As  has  been  stated,  the  average  depth  of  the  wells  on  the  Hi^ 
Plains  is  over  200  feet,  while  on  the  eroded  plains  the  wells  avera, 
nearly  100  feet  in  depth.  It  is  obvious  that  under  such  conditio 
little  more  can  be  done  than  to  irrigate  a  garden  or  an  orchard,  ai 
so  far  as  has  been  observed  this  is  all  that  is  ever  attempted.  I 
XIV,  A,  page  46,  shows  an  orchard  and  garden  at  Claude,  which 
irrigated  from  a  well  over  250  feet  deep.  Examples  similar  to  tl 
are  not  uncommon. 

In  the  sand-hill  regions,  where  the  water  is  not  so  deep,  there  are 
number  of  instances  of  small  plots  irrigated  with  water  obtains 
from  a  well.  On  the  red-beds  plain  there  is  less  irrigation  by  th 
means,  partly  because  the  gypsum  water  is  not  suitable  for  irrigatio 
but  chiefly  because  the  need  of  irrigation  is  not  realized. 
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FUTURE   OF   IRRIGATION. 

Taking  into  account  the  local  facts  it  seems  very  doubtful  if  there 
will  ever  be  any  extensive  irrigation  in  the  region  under  discussion. 
The  supply  of  water  is  not  sufficient  for  this  purpose  except  along 
the  larger  streams,  where  the  conditions  are  such  that  dams  can  not 
Ix*  constructed.  Small  streams,  springs,  artificial  ponds,  and  wells 
supply  water  for  limited  irrigation,  sufficient  often  to  raise  vegetables 
and  fruit  for  a  family,  but  not  more.  As  time  goes  on  and  the  region 
is  more  thickly  settled,  these  small  plants  will  increase  in  number. 
There  is  little  to  warrant  the  hope  that  the  water  supply  in  the  Pan- 
handle will  ever  increase,  and  unless  some  more  efficient  means  than 
the  ordinary  windmill  be  secured  to  lift  the  water  from  deep  wells 
to  the  surface  it  is  extremely  improbable  that  anything  like  extensive 
works  can  ever  be  installed.  On  the  other  hand,  it  is  obvious  that 
only  a  very  small  part  of  the  available  water  is  now  being  utilized. 
It  is  possible  that  the  future  will  witness  in  this  region  thousands  of 
small  pumping  plants,  each  capable  of  supplying  sufficient  water  to 
irrigate  a  garden  and  an  orchard. 

WATER  CONDITIONS  BY  COUNTIES. « 

LIPSCOMB  COUNTY. 

Topography. — Lipscomb  County  is  in  the  northeastern  comer  of 
the  Panhandle.  Its  surface  is  a  level  plain  trenched  from  west  to 
east  through  the  middle  by  the  valley  of  Wolf  Creek.  This  valley 
is  like  a  great  sloping  groove,  250  feet  below  the  level  of  the  High 
Plains  at  the  west  line  of  the  county  and  500  feet  below  at  the  east 
line.  The  High  Plain  along  the  northern  line  of  the  county  is  being 
cut  into  by  branches  of  Beaver  Creek.  Wolf  Creek  Valley  separates 
the  county  into  two  areas  of  plains,  one  forming  the  table-land  be- 
tween Wolf  Creek  and  Beaver  Creek  drainage  basins,  the  other  lying 
between  Wolf  Creek  and  Canadian  River.  Sand  hills  are  present  in 
the  northeastern  part  of  the  county  and  between  Wolf  Creek  and  the 
southern  line. 

Geology, — The  rocks  of  the  surface  in  Lipscomb  County  are  en- 

"  There  are  no  Federal  public  lands  in  Texas.  This  State,  when  It  came  Into  the 
I'nion  by  annexation,  retained  its  public  lands,  and  the  general  system  of  township  and 
range  lines,  by  which  the  lands  of  the  greater  part  of  the  United  States  arc  surveyed,  is 
not  employed.  No  regular  section  lines  exist,  but  various-sized  tracts  are  laid  off, 
usually  in  blocks  of  square  miles  as  they  were  selected  by  the  land-grant  railroads  or 
purchased  by  Individuals.  Some  of  the  earliest  surveys  employed  the  Spanish  vara, 
which  equals  3:{.385  inches  (1,897.7+  varas  equal  1  mile).  With  such  a  system  of  sur- 
vey the  roads  are  irregularly  distributed,  no  correction  lines  exist,  and  the  location  of 
points  by  township  and  range  is  Impossible.  In  the  eastern  part  of  the  Panhandle,  how- 
ever, the  counties  are  uniformly  30  miles  square,  each  containing  900  square  miles,  a 
condition  which  tends  to  obviate  much  of  the  difficulty  otherwise  encountered  in  attempt- 
ing to  map  the  region. 
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tirely  of  Tertiary  and  Quaternary  age.    Gray  sandstones  and  clays 
predominate  and  form  conspicuous  bluffs  along  the  larger  streams. 

Water  supply. — The  two  largest  streams  in  the  county  are  Wolf 
Oeek  and  its  tributary  Mammoth  Creek.     Wolf  Creek  enters  from 
Ochiltree  County  near  the  center  of  the  west  line  of  the  county  and 
flows  directly  east ;  Mammoth  Creek  rises  in  the  northwest  part  of 
the  county  and  flows  southeast,  joining  Wolf  Creek  in  Oklahoma  a 
few  miles  east  of  the  State  line.     These  creeks,  as  well  as  a  number 
of  other  smaller  tributaries  of  Wolf  Creek,  are  spring  fed,  but  i^ 
their  lower  courses  flow  through  sand-choked  beds.     Ordinarily  the 
amount  of  water  is  small,  flowing  but  1  or  2  second-feet,  and  at  plac^^ 
entirely  disappearing  under  the  sand.     The  streams  are  subject   t:^ 
sudden  rises  of  a  few  hours"  duration,  at  which  time  the  creeks  flo^^ 
several  hundred  second-feet.     In  this  county  the  drainage  is  so  we^^^ 
developed  that  few  lakes  exist  on  the  High  Plains.     Lipscomb  hi^-^ 
the  reputation  among  cattle  men  of  being  the  best  watered  county  i  ^^ 
the  Panhandle.     The  sand  strata,  both  that  of  the  Tertiary  and  i  :^  ^ 
the  sand-hill  regions,  furnishes  an  abundance  of  good  water,  issuin^^ 
in  the  form  of  numerous  springs,  which  reach  the  surface  along  th-^^^ 
streams.     Although  their  flow  is  seldom  large,  these  springs  are  con  -^ 
stant  in  volume  and  usually  perennial  in  their  character.     The  \vate»:  ^ 
iF  pure  and  wholesome  and  almost  always  free  from  notable  amounted 
of  salts.     It  is  these  springs  which  feed  the  numerous  tributaries  o^ 
Wolf  Creek  and  render  the  water  so  abundant  in  the  county. 

Wells  on  the  uplands  in  the  county  range  from  130  to  333  feet  in 
depth,  with  an  average  of  150  feet.  In  the  valleys  a  maximum 
depth  of  50  feet  usually  secures  an  abundance  of  water,  but  along 
Wolf  Creek  and  some  of  the  smaller  streams  many  of  the  best  wells 
are  not  more  than  20  feet  deep.  Of  the  well  records  secured  in  Lips- 
comb County,  the  average  depth  was  121  feet. 

OCHILTREE    COUNTY. 

Topography, — Ochiltree  County  is  in  the  northern  part  of  this 
region,  lying  almost  wholly  on  the  High  Plains  and  having  uniform 
plains  topography.  Near  the  center  it  is  trenched  by  the  head 
branches  of  Wolf  Creek,  in  a  valley  which  gradually  deepens  to  the 
east.  Some  of  the  small  side  branches  of  Canadian  River  which  head 
in  the  southern  part  of  this  region  are  actively  eroding  the  plains, 
forming  rugged  breaks.  A  few  of  the  small  branches  of  Beaver 
Creek,  which  head  in  extreme  northern  Ochiltree  County,  have  caused 
but  little  erosion. 

Geology, — The  rocks  are  entirely  Tertiary  and  Quaternary,  and, 
wuth  the  exception  of  the  regions  of  the  breaks  near  the  streams,  the 
surface  is  flat.  Along  the  bluffs  there  are  ledges  of  Tertiary  clay  and 
sand. 
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Water  supply. — There  are  two  drainage  systems  in  this  county. 
The  eastern  portion  is  dt;aine<d  by  Wolf  Creek,  which  has  its  source 
in  the  central  part  of  the  coimt^f^  where  it  is  a  small  fresh-water 
stream,  fed  by  perennial  springs*  uird  flowis^  tlrrough  a  wide  gorge 
in  the  Tertiary  rocks.  Canadian  River  drains -the  soutiiii^R  portion, 
and  branches  of  this  stream,  which  have  their  origin 'iiiTortiarj  - 
springs  along  the  breaks,  flow  south  into  Roberts  County.  A  few 
minor  branches  of  Beaver  Creek  drain  the  northern  part. 

The  High  Plains  surface  is  entirely  without  drainage,  and  shallow ' 
lakes  are  abundant  and  often  of  relatively  large  size,  sometimes  cov- 
ering 100  acres  or  more.  Ochiltree  County  has  an  abundance  of  good 
well  water,  but  ordinarily  it  is  found  at  a  considerable  depth.  In 
the  southern  part  of  the  county,  near  the  breaks,  the  depth  to  water 
exceeds  400  feet,  while  farther  north  water  is  obtained  in  abundance 
from  150  to  300  feet.  In  the  Wolf  Creek  Valley  the  wells  are  shal- 
low, many  of  them  finding  good  water  at  50  to  100  feet.  The  average 
depth  of  twenty-four  wells  in  Ochiltree  County  is  245  feet. 

HANSFORD    COUNTY. 

Topography, — Hansford  County  is  in  the  northwestern  part  of  the 
region  to  which  this  report  relates.  It  includes  a  portion  of  the 
High  Plains,  trenched  by  ttvo  streams,  Palo  Duro  Creek,  which  rises 
in  the  extreme  southwestern  portion  of  the  county  and  passes  into 
Oklahoma  near  the  northeast  corner,  and  Coldwater  Creek,  also 
known  as  Rabbit  Ear  Creek,  which  enters  the  county  near  the  center 
of  the  west  line  and  flows  across  the  northwest  corner,  passing  into 
Beaver  County,  Okla.  The  greater  portion  of  the  county  retains  its 
original  plains  features,  while  a  lesser  part  consists  of  valleys  and 
breaks.  The  entire  county  presents  a  gradual  slope  to  the  east.  The 
highest  point  in  this  part  of  the  Panhandle  is  attained  in  this  county, 
just  south  of  the  center,  along  the  west  line — an  altitude  of  3,750  feet. 

Geology, — Nearly  all  of  the  surface  rocks  of  Hansford  County  are 
of  Tertiary  and  Quaternary  age.  In  the  extreme  northeast  corner 
Palo  Duro  Creek  has  cut  through  the  Tertiary  and  exposes  the  under- 
lying red  beds.  Along  Coldwater  and  Palo  Duro  creeks  bluflPs  of 
hard  Tertiary  rocks  occur,  but  for  the  most  part  nothing  appears  on 
the  surface  except  ledges  of  soft  Tertiary  marl  exposed  along  prairie 
draws. 

Water  supply, — With  the  exception  of  a  small  portion  at  the 
south  w^hich  drains  into  Canadian  River,  all  the  waters  of  this  county 
find  their  way  into  the  Beaver  Creek  drainage  system.  Palo  Duro 
Creek  is  a  small  stream  which  rises  in  the  southwestern  part  of  the 
county,  and  gi-adually  deepens  its  valley  in  its  passage  northeast 
until  at  the  county  line  it  has  attained  a  depth  of  approximately 
300  feet  below  the  level  of  the  High  Plains.     Its  numerous  lateral    i 
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branches  receive  the  drainage  from  a  considerable  area,  and  at  times 
of  heavy  rains  these  discharge  their  wat^BS  into  a  main  trunk,  which 
for  a  short  time  Incomes  a  torrent,-^  In,  its  ^antral  and  lower  courses 
there  are  fertile  ^vallets- whifh'ntford  good  farming  land,  especially 
adapted"  to  /alfalfa  culture.  Several  small  irrigation  works  have 
^  Uiftn  -CDHstructed  along  the  lower  part  of  Palo  Duro  Creek.  The 
difficulty  in  maintaining  these  plants  is  that  the  dams,  built  of 
rough  stone  uncemented,  wash  out  in  times  of  freshets.  Coldwater 
Creek  crosses  the  northwest  corner  of  the  county,  entering  from 
Sherman  County,  Tex.,  and  passing  northeast  into  Beaver  County, 
Okla.  It  is  a  small  stream  flowing  through  a  well -developed  gorgt*. 
Lakes  similar  to  those  in  other  parts  of  the  region  occur  upon  the 
High  Plains.  Hansford  County  has  an  abundance  of  good  well 
water  at  depths  varying  on  the  High  Plains  from  190  to  300  feet,  and 
rarely  does  a  well  fail  to  encounter  an  ample  supply.  In  the  valleys 
springs  occur,  the  water  from  which  is  like  water  from  the  Tertiary 
beds,  pure  and  wholesome.  The  average  depth  of  thirteen  wells  in 
this  county  is  !235  feet. 

HUTCHINSON  COUNTY. 

Topo(/raphy, — Hutchinson  County  lies  in  the  western  part  of  the 
region  to  which  this  report  relates.  The  surface  of  its  northern  part 
is  High  Plains.  The  central  and  southern  part  is  occupied  by  the 
canyon  of  Canadian  River  and  the  breaks  on  either  side  formed  by 
short  tributary  creeks. 

Geology, — Along  Canadian  River  and  along  the  small  streams 
flowing  into  it  in  the  central  and  southwestern  part  of  the  county 
there  are  extensive  exposures  of  Pennian  red  beds,  consisting  of 
red  clays  and  shales  with  interbedded  dolomite  and  gypsum  members. 
These  rocks  have  been  provisionally  referred  to  the  Quartermaster 
formation.  The  remainder  of  the  county  is  composed  of  typical 
Tertiary  and  Quaternaiy  deposits,  the  former  being  exposed  as 
blufl's  along  the  streams  and  the  latter  as  sand  hills  and  alluvimn. 

Wati'V  i<f(pply^ — The  entire  drainage  of  this  county  flows  into 
Canadian  River,  which  crosses  the  county  from  southwest  to  north- 
east. On  the  north  side  there  are  several  small  streams,  the  chief 
of  which  are  Kit  Carson  and  Coldwater  creeks,  while  from  the  south 
flow  White  Deer,  Spring,  Bear,  Dixon,  and  Anteloi)e  creeks.  Thus 
the  greater  part  of  Ilutc^hinson  County  is  well  drained.  It  has  an 
abundance  of  good  water,  and,  with  the  exception  of  some  wells  in 
the  Canadian  Valley  and  in  its  tributary  creeks,  which  find  their 
supply  in  the  red  beds,  the  water  is  wholesome  and  free  from  injurious 
salts.  West  from  Plemons  a  number  of  strong  springs  occur  at  the 
line  of  contact  between   the   red   beds  and  the  Tertiary.     On  the 
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Hi^  Plains  water  is  obtained  at  depths  ranging  from  13G  to  320 
feet,  and  in  the  valleys  at  less  than  20  feet.  The  well  records  col- 
lected show  an  average  depth  of  243  feet. 

ROBERTS   CX)UNTY. 

Topography. — Roberts  County  lies  in  the  north  central  part  of  the 
region  embraced  in  this  report.  The  surface  of  the  southern  portion 
is  High  Plains  trenched  to  the  east  by  the  gorge  of  Red  Deer  Creek. 
The  northern  portion  is  occupied  by  the  valley  of  Canadian  River, 
with  its  broad  flood  plain  bordered  by  a  region  of  breaks  on  either 
side.  The  breaks  are  so  extensively  dissected  by  the  smaller  stream 
canyons  that  the  northern  portion  of  Roberts  Cx)unty  is  one  of  the 
most  rugged  localities  in  the  Panhandle. 

Geology. — The  surface  rocks  are  mostly  of  Tertiary  age,  with  the 
usual  sand  hills  along  the  streams.  In  the  northwestern  portion  of 
the  county  Canadian  River  has  cut  down  into  the  red  beds  which 
are  exposed  in  the  bluffs  along  the  north  bank.  Alluvium  deposits 
occur  along  this  river  and  its  tributaries. 

^YateJ*  Hitpply, — The  drainage  belongs  entirely  to  the  Canadian 
River  system.  This  river  flows  through  a  broad  flood  plain  occu- 
pied occasionally  by  low  sandy  marshes.  The  waters  of  a  consider- 
able portion  of  this  country  reach  the  river  by  parallel  streams 
rising  in  the  south  central  part  and  flowing  north.  Few  streams 
enter  from  the  north  side,  and  those  which  do  are  short,  steep,  and 
intermittent.  Red  Deer  Creek,  a  tributary  of  Canadian  River,  rises 
in  the  southern  portion  of  the  county  and  flows  northeast  into 
Hemphill  County.  Ordinarily  this  stream  has  no  surface  flow,  but 
it  becomes  a  raging  torrent  when  there  are  sudden  storms  about  its 
head.  Tertiary  springs  occur  along  the  breaks  and  canyons  and  sup- 
ply a  number  of  small  creeks.  Wells  in  the  High  Plains  area  are 
150  to  350  feet  deep,  and  in  the  valleys  water  is  obtained  at  from  0  to 
20  feet. 

HEMPHILL  COUNTY. 

Topography, — Hemphill  (^ounty  is  in  the  eastern  portion  of  the 
Panhandle.  Its  topography  is  varied,  for  Washita  River  rises  in  the 
southwestern  corner  and  its  northern  i)orti()n  is  crossed  by  Cana- 
dian River.  These  two  river  systems  have  removed  practically  all 
of  the  original  High  Plains  level  and  reduced  the  region  to  broad 
valleys  with  undulating  surfac^es  l)etween.  Along  Canadian  River  is 
a  wide,  sandy  flood  plain,  occupied  by  sand  hills  in  scattered  areas. 
Sand  hills  also  occur  in  the  north,  central,  and  eastern  parts  of  the 
county. 

Geology. — The  rocks  are  chiefly  Tertiary  deposits,  sand  hills,  and 
wash.     Small  areas  of  red  beds  are  exposed  along  the  Canadian  and 
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Washita  rivers  in  the  eastern  portion  of  the  county.  Along  the 
streams  there  are  bluffs  and  outliers  of  white  Tertiary  rocks,  but 
the  greater  part  of  the  county  consists  of  rugged  breaks  and  undu- 
lating sand  hills. 

Wate?*  supply, — The  drainage  system  is  well  developed.  The  water 
from  more  than  half  of  this  county  finds  its  way  into  Canadian 
River  through  a  number  of  short,  swift  streams,  many  of  which  are 
perennial,  having  their  source  in  Tertiary  springs.  The  southern 
portion  of  the  county  is  drained  by  Washita  River,  a  stream  which 
l)ecomes  a  prominent  river  in  Oklahoma,  but  is  only  a  small  creek  in 
the  Panhandle.  Its  water,  l)eing  derived  from  the  Tertiary  springs, 
is  fresh  and  free  from  the  injurious  salts  so  common  in  the  large 
rivers.  Springs  are  not  uncommon  in  this  county,  and  the  water 
obtained  from  both  springs  and  wells  is  almost  uniformly  soft  and 
pure.  The  depth  at  which  water, is  found  in  Hemphill  County  varies 
greatly.  In  the  north,  south,  and  southwest  the  Tertiary  beds  of  the 
High  Plains  furnish  fre>ih  water  at  depths  ranging  from  100  to  333 
feet.  In  the  northern  sand-hill  regions  water  occurs  at  depths  of  75 
to  150  feet.  In  Canadian  and  Washita  valleys  wells  are  less  than  20 
feet  de^p.  Records  of  nineteen  wells  at  various  places  in  this  county 
show  an  average  depth  of  94  feet. 

WHEKLER  COUNTY. 

Topography, — AMieeler  County  lies  in  the  eastern  part  of  the  Pan- 
handle. The  surface  is  a  part  of  the  eroded  plains,  except  small 
areas  in  the  northwest  and  southwest.  The  region  is  a  rolling  plain 
dissected  by  two  principal  streams — Sweetwater  Creek  and  North 
Fork  of  Red  River — with  their  tributaries.  There  are  extensive 
sand-hill  regions,  one  of  which,  5  to  10  miles  in  width,  and  being 
widest  near  the  center  of  the  county,  extends  along  the  south  side  of 
Sweetwater  Creek  almost  the  entire  length  of  the  county.  An  area 
of  very  prominent  sand  dunes  occupies  part  of  the  northeastern  cor- 
ner of  the  county.  The  hills  are  mostly  low  ridges  from  one-eighth 
of  a  mile  to  1  mile  long  and  10  to  20  feet  high.  Broken  ridges  and 
knolls  occur  everywhere  and  blow-outs  are  common.  A  third  sand- 
hill region  is  found  in  the  southwestern  part  of  the  county,  between 
Xortli  Fork  and  the  headwaters  of  Elm  Fork,  and  a  fourth  region  is 
in  the  extreme  southeastern  part. 

(ieoUjijlj. — Red  beds  belonging  to  the  Greer  and  Quartermaster 
formations  appear  along  North  Fork  of  Red  River  and  the  branches 
of  Elm  Fork  in  the  southern  part  of  the  county.  Gypsum,  dolomite, 
and  red  shales  of  the  Greer  formation  and  the  red  sandy  shales  and 
thin  sandstones  of  the  Quartermaster  formation  may  be  seen  in  the 
vicinity  of  Shamrock,  and  red  bluffs  outcrop  along  the  north  side 
of  North  Fork  entirely  across  the  county.     The  greater  part  of  the 
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siirfiw^  rocks,  however,  consist  of  sand  derived  from  the  Tertiary 
degpftits  and  of  alluvium  along  the  valleys. 

Water  supply. — The   drainage   of   this   county   is   through   three 
streams,  Sweetwater  Creek  and  North  Fork  and  Elm  Fork  of  Red 
River.     The  first  named,  farthest  to  the  north,  is  a  small  perennial 
stream  which  rises  just  beyond  the  limits  of  the  county  and  in  the 
eastern  part  was  formerly  used  to  some  small  extent  for  irrigation. 
Xorth  Fork  of  Red  River  crosses  this  county  from  west  to  east  a 
little  south  of  the  center.     Ordinarily  it  is  a  small  stream  flowing 
in  a  sand-choked  bed  and  receives  no  important  tributaries  in  this 
county.     The  waters  of  this  river  are  highly  impregnated  with  cal- 
cium sulphate  and  sodium  chloride.     The  extreme  southern  part  of 
the  coimty  drains  to  Elm   Fork  of  Red  River.     As  might  be  ex- 
|)ected  in  a  region  of  sand  hills,  there  are  in  Wheeler  County  a  num- 
ber of  fine  springs.     Six  miles  southwest  of  Mobeetie  is  Anderson's 
spring,  which  boils  up  out  of  the  sand  and  runs  off  down  a  little 
caiu^on.     It  is  one  of  the  strongest  springs  in  the  Panhandle  and 
flows  perhaps  1  second-foot.     It  is  said  to  he  artesian  in  character 
and  the  water  if  confined  will  rise  15  feet.     Other  noted  springs  in 
the  county  are  Nasby  Spring   (which  fills  a  3-inch  pipe),  Broncho 
Spring,  and  Stanley  Spring  (both  of  which  have  a  very  strong  flow). 
Well  water  from  the  Tertiary  and  sand  hills  is  obtained  through  the 
greater  part  of  the  county  at  depths  of  80  to  200  feet.     In  the  red- 
i)eds  region,  in  the  southern  part,  wells  are  not  so  deep,  rarely  ex- 
ceeding 50  feet,  and  the  water  is  usually  not  good,  containing  a 
considerable  percentage  of  mineral  salts.     Records  of  nineteen  wells 
in  this  county  show  an  average  of  71  feet. 

GRAY    COUNTY. 

Topography, — Gray  County  occupies  the  south  central  part  of  the 
i*egion  here  discussed.  The  surface  is  a  portion  of  the  High  Plains 
cut  into  by  two  streams — North  Fork  of  Red  River,  which  flows 
through  a  gorge  crossing  the  county  from  west  to  east,  and  Mc- 
Clellan  Creek,  flowing  in  a  similar  gorge  from  southwest  to  north- 
east, joining  North  Fork  near  the  eastern  line  of  the  county.  Wide 
breaks  border  the  gorge  of  these  two  principal  streams. 

Geology. — With  the  exception  of  a  small  area  of  red  beds  near  the 
mouth  of  McCellan  Creek  along  the  eastern  line,  the  rocks  of  Gray 
County  are  entirely  Tertiary  and  Quaternary.  High  white  cliffs 
Jire  exposed  along  the  edges  of  the  High  Plains,  and  along  the  breaks 
and  streams  there  are  alluvial  deposits  and  sand  hills. 

Water  supply, — The  greater  part  of  the  drainage  is  through  North 
Fork  of  Red  River  and  McClellan  Creek.  The  former  stream,  w  hich 
rises  in  Carson  County  just  w^est  of  the  Gray  County  line  and  flow^s 
east,  drains  only  a  limited  region  at  the  south  through  a  few^  short 
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tributaries,  none  of  which  are  more  than  5  miles  in  length-  The 
southern  portion  of  the  county  is  drained  by  McClellan  Creek,  a 
branch  of  North  Fork,  which  rises  west  of  the  south  central  part  of 
the  county.  Springs  from  the  Tertiary  and  sand  hills  occur  in  a 
number  of  places  along  the  streams.  Many  are  from  small  seeps, 
but  several  have  an  estimated  flow  of  40  gallons  per  minute.  On  the 
plains  good  water  is  obtained  at  depths  ranging  from  100  to  280  feet. 
In  the  valleys  depths  to  water  do  not  exceed  35  feet.  Along  North 
Fork  in  the  eastern  part  of  the  county  a  few  wells  afford  g>-psuin 
water;  otherwise  the  supply  in  this  county  is  pure  and  wholesome. 
Records  of  eleven  wells  show  an  average  depth  of  166  feet. 

CARSON    COUNTY. 

Topography, — Carson  Coimty  lies  in  the  western  part  of  the 
region.  With  the  exception  of  Ochiltree  County,  Carson  contains 
a  larger  proportion  of  the  High  Plains  than  any  other  county  here 
described.  The  northern  part  is  dissected  by  tributaries  of  Cana- 
dian River  and  a  very  small  portion  of  the  eastern  part  is  occupied  by 
the  headwaters  of  Salt  Fork  of  Red  River.  With  these  exceptions 
its  surface  is  the  uniform  level  of  the  High  Plains,  dotted  at  intervals 
by  shallow  lakes. 

Geology, — In  the  extreme  northwestern  portion  of  the  county  alon^' 
the  canyons  of  Antelope  and  Dixon  creeks,  tributaries  of  Canadiai^ 
River,  there  are  exposures  of  the  red  beds,  consisting  of  red  clays  and 
shales  with  ledges  of  gypsum  and  dolomite.  With  this  minor  excep- 
tion, the  rocks  are  Tertiary  and  Quaternary.  Along  the  breaks  higl^ 
Tertiary  clilfs  are  present,  but  the  flat,  upland  Tertiary  constitute- 
the  greater  part  of  the  rocks  of  the  county. 

Water  supply, — The  drainage  of  Carson  County  is  into  two  sy:^' 
tenis,  Canadian  River  and  Red  River,  between  which  is  a  great  fla^ 
table-land  divide.  The  former  stream  receives  the  water  from  th^ 
northern  pai*t  of  the  county  through  a  number  of  creeks — the  mos< 
important  being  White  Deer,  Spring,  Dixon,  and  Antelope — all  oi 
which  have  their  rise  near  the  central  line  of  the  county  and  flow 
north.  The  headwaters  of  Salt  Fork  of  Red  River  occupy  a  few 
square  miles  in  the  soutliwestern  part  of  the  county.  Most  of  this 
county,  however,  has  no  drainage  other  than  that  which  finds  its  way 
into  the  shallow  lakes  on  the  level  upland  and  disappears  by  seepage 
and  evaporation. 

In  the  southern  part  of  Carson  County  the  water  table  seems  to  b<» 
very  deep,  for  while  a  few  wells  secure  permanent  flows  at  depths  of 
less  than  250  feet,  many  of  them  are  obliged  to  penetrate  400  to  450 
feet  for  an  adequate  supply ;  but  water  when  found  is  both  abundant 
and  pure.     Among  the  breaks  and  along  the  creeks  in  the  northern 
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part  of  the  county  the  wells  range  from  50  to  200  feet.  Few  springs 
occur,  those  which  are  found  being  near  the  base  of  the  Tertiary 
in  the  northwestern  part  of  the  county. 

ARMSTRONG   COUNTY. 

Topography. — Armstrong  county  is  in  the  southwestern  part  of  the 
region.  It  is  a  level  plain  cut  by  three  canyons  trending  southeast. 
The  central  and  northwestern  part  of  the  county  has  the  uniform 
surface  of  the  High  Plains.  The  northeastern  portion  is  trenched  by 
the  upper  course  of  Salt  Fork  of  Red  River,  which  has  its  source  near 
the  center  of  the  north  line  of  the  county.  Mulberry  Creek  Canyon 
crosses  the  county  from  northwest  to  southeast.  In  the  southwestern 
portion  is  Palo  Duro  Canyon,  tlirough  which  flows  Prairie  Dog  Fork 
of  Red  River.  Twenty-five  miles  of  this  gorge,  875  feet  deep  and 
5  miles  wide,  lies  in  Armstrong  County.  The  sides  of  the  canyon 
are  fre<iuently  precipitous  and  exhibit  typical  banded  structure  so 
rough  that  the  canyon  is  passable  by  wagon  only  along  selected  routes. 

Geology, — The  best  geologic^al  sections  obtainable  in  the  Panhandle 
are  found  along  Palo  Duro  Canyon  in  Armstrong  County,  where  all 
the  formations  discussed  in  this  report  are  exposed.  The  Greer 
and  Quartermaster  formations  of  the  Permian  red  beds  are  particu- 
larly well  exposed  in  this  canyon.  The  Dockum  formation  outcrops 
halfway  up  the  escarpment,  and  Tertiary  clays,  sand,  and  conglomer- 
ate lie  along  the  upper  part  of  the  bluffs.  The  level  upland  in  other 
parts  of  the  county  exhibits  the  ordinary  Tertiary  and  Quaternary 
rocks. 

Water  supply, — Northeastern  Armstrong  County  is  drained  by  the 
lioadwaters  of  Salt  Fork  of  Red  Rivoi*,  and  Mulberry  Creek  receives 
the  drainage  from  the  central  and  southeastern  parts  of  the  county. 
Prairie  Dog  Fork  of  Red  River  in  Palo  Duro  Canyon,  in  the 
southwestern  part,  has  no  large*  tributaries  in  the  county,  and  al- 
though it  flows  through  a  great  (*anyon  the  stream  itself  ordinarily 
has  little  or  no  surface  flow,  but,  like  other  streams  of  the  plains,  is 
subject  to  rapid  rises  after  heavy  rains  near  its  head.  The  drainage 
of  a  large  porticm  of  the  county  is  undeveloped,  and  the  shallow  lakes 
which  occur  at  frequent  intervals  often  reach  considerable  size. 
Springs  are  not  common,  but  a  few  are  found  at  the  base  of  the  Ter- 
tiary and  among  the  red  beds.  On  tlie  High  Plains  water  is  obtained 
in  abundance  in  wells  ranging  in  depth  from  120  to  320  feet.  Few 
wells  have  been  sunk  in  the  red  beds,  but  those  that  have  been  dug 
usually  find  water  of  rather  poor  quality  at  depths  ranging  from  20 
to  100  feet.  Records  of  eighteen  wells  in  Armstrong  County  show 
an  average  depth  of  207  feet. 
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DONLEY   COUNTY. 

Topography, — Donley  County  lies  in  the  southern  part  of  the 
region.  The  northern  and  western  portions  are  level  High  Plains. 
On  the  eroded  plains  which  occupy  the  eastern  and  southern  parts  of 
the  county  the  surface  is  rolling  and  dissected  by  many  streams. 
Even  on  the  High  Plains  the  streams  occupy  well-marked  courses  and 
have  so  dissected  the  surface  that  only  in  a  few^  instances  is  the  up- 
land sufficiently  level  to  permit  the  water  to  collect  in  lakes.  The 
western  extension  of  the  sand-hill  region,  which  crosses  Collingsworth 
County  south  of  Salt  Fork  of  Red  River,  finds  its  terminus  in  the  es- 
carpment at  the  base  of  the  High  Plains  in  Donley  County. 

Geology, — Both  red  beds  and  Tertiary  rocks  are  exposed  in  Donley 
County.  The  red  beds,  including  lx)th  the  Greer  and  Quartermaster 
formations,  outcrop  along  tlie  streams,  particularly  along  North 
Fork  of  R«d  River  in  the  region  northeast  of  the  center  of  the 
county  and  along  MuH)erry  Creek  in  the  southwestern  part.  Along 
the  latter  stream  the  Dockum  beds  occur.  Tertiary  rocks  consti- 
tute the  High  Plains  in  the  northern  and  western  parts  of  the  county; 
while  the  sand  hills  derived  largely  from  Tertiary  deposits  occupy 
considerable  areas  in  the  central  and  southern  portions.  Alluvium 
is  found  along  the  stream  valleys. 

Water  supply. — The  drainage  of  the  county  is  through  two  branches 
of  Red  River — Salt  Fork,  which  crosses  the  county,  and  several 
smaller  branches  of  Prairie  Dog  Fork,  which  rise  in  the  county 
and  flow  south.  Salt  Fork  flows  almost  due  east  across  the  center  of 
the  county.  It  is  a  small  stream  with  a  sand-choked  bed  and  a  flow 
of  but  a  few  second-feet,  th(»  water  being  free  from  disagreeable  salts. 
The  southern  part  of  Donley  County  is  drained  by  the  branches  of 
Salt  Fork,  the  chief  of  which  is  Mulberry  Cn*ek,  rising  in  Armstrong 
County  and  flowing  r. cross  the  southwest  corner  of  Donley  County. 
It  is  an  ordinary  stream  of  the  plains,  with  a  wide,  sand-choked 
diannel  and  ordinarily  little  water,  but  at  times  of  heavy  rainfall  it 
assumes  the  proportions  of  a  river.  Springs  are  found  in  both  the 
sand-hill  regions  and  among  the  red  beds.  On  the  High  Plains  and 
in  the  escarpment  region  w(*lls  are  from  40  to  250  feet  deep.  In  the 
valleys  and  lower  portions  of  the  county  water  is  obtained  at  20  to  105 
feet.  The  Tertiary  and  sand-hill  water  is  good,  while  that  found  in 
the  red  beds  is  usually  bad.  Records  from  thirty  wells  show  an  aver- 
age depth  of  152  feet. 
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COLLINOSWORTH    COUNTY. 

Topogi'aphy, — Collingsworth  Countv  forms  tlie  southeastern  por- 
tion of  the  region  here  discussed.     This  county,  which   is  almost 
wholly  in  the  eroded  plains,  presents  the  most  diverse  topography  of 
all  here  described.     It  is  trenched  from  northwest  to  southeast  by 
three  stream  systems — Elm  and  Salt  forks  of  Red  River,  and  Spillers 
Creek,  a  branch  of  Prairie-  Dog  Fork.     Just  west  of  the  center  and 
extending  entirely  across  the  county,  trending  slightly  west  of  south, 
are  the  Dozier  Mounds,  composed  of  hard  hedges  of  sandstone  under- 
lain by  stratified  clays,  shales,  and  sandstones.     In  the  southwestern 
comer  of  the  county  these  hills  are  deeply  dissected  by  streams,  ren- 
dering the  region  very  rugged.    On  the  south  side  of  Salt  Fork  is  a 
sand-hill  region  ranging  from  2  to  0  miles  in  width,  extending  from 
northwest  to  southeast  entirely  across  the  county. 

(ieology, — The  greater  part  of  the  rocks  of  Collingsworth  County 
l)elong  to  the  Greer  and  Quartermaster  formations  of  the  red  l)eds. 
Along  the  various  streams  ledges  of  gypsum  and  dolomite  outcrop, 
while  at  a  higher  level  soft  sandstones  occur.  The  extreme  north- 
western part  of  the  county  is  in  the  escarpment  region,  and  Tertiary 
and  Quaternary  sand  hills  a[)pear  south  of  Salt  Fork  of  Red  River. 

\\ater  ^npfly, — Elm  Fork  of  Red  River  rises  in  the  northwestern 
iK)rtion  of  the  county  and  flows  southeast,  leaving  the  county  9  miles 
from  the  northern  limit,  thus  draining  the  entire  northern  portion. 
Salt  Fork  of  Red  River  crosses  the  county  from  west  to  east  in  a  tor- 
tuous course  near  its  center  and  drains  the  middle  portion  of  the 
rouiity.  Spillers  Creek,  a  branch  of  Prairie  Dog  Fork  of  Red  River, 
has  its  source  in  Donley  County  and  flows  southeast  across  Collings- 
worth, draining  the  southwestern  part.  Except  in  the  sand-hill 
legions  south  of  Salt  Fork,  good  water  is  difficult  to  obtain  for  the 
reason  that  the  county  is  underlain  by  red  IxmIs,  which  contain  large 
quantities  of  gypsum  and  other  mineral  salts.  There  are  a  number  of 
springs  of  good  water  anumg  the  sand  hills.  Springs  occur  in  the 
red  l>eds  also,  but  the  water  ()ft(Mi  contains  salt  or  gypsum  and  is  not 
suitable  for  general  domestic  use.  Wells  in  the  sand  hills  are  10  to 
220  feet  in  depth  and  in  th(»  i-ed  IkmIs  40  to  190  feet.  Records  from 
twenty  wells  in  Collingsworth  County  show  an  average  depth  of  105 
feet.  ^ 
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FLUCTUATIONS  OF  THE  WATER  LEVEL  IN  WELLS, 
WITH  SPECIAL  REFERENCE  TO  LONG  ISLAND. 
NEW  YORK.  

By  A.  C.  Veatch. 


INTRODUCTION  AND  SUMMARY. 

In  connection  with  the  investigation  of  tlie  geology  of  Long  Island  by  the  United 
States  Geological  Survey  in  the  summer  of  1903,  a  few  observations  were  ma<le  on 
the  fluctuation  of  the  water  level  in  wells,  l)oth  with  direct-reading  and  self-recording 
gages.  In  the  consideration  of  these  data,  as  well  as  those  colle<!ted  at  the  same 
tii'ne  by  the  New  York  City  commission  on  additional  water  supply,  it  has  seemed 
desirable  to  enter  into  a  general  discussion  of  the  fluctuation  of  water  in  wells. 

Some  of  the  results  of  this  study  may  be  briefly  summarizeti  as  follows: 

1.  The  most  important  and  characteristic  of  the  natural  ground- water  fluctuations 
is  the  regular  annual  period.  This  is  a  relatively  uniform  curve,  with  a  single  maxi- 
mum and  minimum,  on  which  the  fluctuations  of  shorter  i)eriods,  as  a  rule,  fonn 
but  minor  irregularities.  This  curve  does  not  generally  resemble  the  rainfall  curve. 
Were  the  rainfall  uniform  throughout  the  year,  the  ground  water  would  still  show  a 
regular  yearly  period  and  the  maxinmm  would  occur  early  in  the  year  in  the  North 
Temi)erate  Zone.  The  effect  of  irregularities  in  the  rainfall  is  to  move  the  time  of 
occurrence  of  this  maximum  either  forward  or  back. 

2.  The  water  from  single  showers  is  generally  delivered  gradually  to  the  ground- 
water table,  and  even  where  noticeable  fluctuations  are  produced,  these  do  not  com- 
monly make  important  irregularities  in  the  regular  annual  ground-water  curve. 

3.  Single  showers  may,  by  transmitte<l  pressure  through  the  soil  air,  produce  instan- 
taneous and  noticeable  rises  in  the  water  in  wells  and  notably  increase  the  stream 
discharge  without  contributing  either  to  the  ground  water  or  directly  to  the  surface 
flow. 

4.  The  amount  contributed  to  the  ground  water  can  not  be  satisfactorily  estimated 
by  the  rise  and  fall  of  the  water  in  wells,  because  the  same  amount  of  rainfall  under 
the  same  geologic  and  climatic  conditions,  in  l)eds  of  the  same  porosity,  will  pro- 
duce fluctuations  of  very  different  values.  Near  the  ground-water  outlet  the  total 
yearly  range  may  \>q  Init  a  few  inches,  while  near  the  ground-water  divide  it  may  be 
50  or  100  feet.  When  an  attempt  is  made  to  calculate  the  amount  of  water  received 
from  single  rains,  the  results  are  not  reliable,  because  in  the  cases  which  are  usually 
taken,  such  as  sharp,  quick  rises,  it  is  impossible  to  tell  how  much  of  the  rise  is  due 
to  transmitted  pressure  and  how  much  to  direct  inflltration. 

5.  Because  of  the  increase  in  stream  flow  due  (1)  to  transmitted  pressure  from 
rains,  (2)  to  changes  in  })arometric  pressure,  and  (3)  to  increase  in  area  of  ground- 
water discharge,  with  the  elevation  of  the  ground-water  table,  it  is  not  possible  to 
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correctly  separate  the  quantity  of  water  in  the  fitream  discharge  contributed  by  f 
flow  from  that  contributed  by  direct  surface  run-off.  There  are  many  reasoi 
believing  that  in  humid  regions  "flood  flows"  contain  large  percentages  of  gi 
water. 

6.  Tidal  fluctuations  in  wells  are  very  often  produced  by  a  plastic  deformatio 
to  the  loading  of  the  tides,  and  tlie  occurrence  of  such  fluctuations  in  wells  ckw 
in  itself  indicate  a  connection  between  the  water-liearing  strata  and  the  sea. 

7.  Temperature  changes  may  produce  marke<l  fluctuations  ( 1)  by  changes  in  caj 
attraction — sucli  fluctuations  are  iierceptible  only  at  the  surface  of  tlie  zone  of 
plete  saturation,  are  not  transmitted  to  deeper  levels,  and  vary  directly  wit 
temperature;  (2)  by  changes  in  viscosity  or  rate  of  flow — fluctuations  due  t^ 
cause  vary  inversely  with  the  temperature,  and  show  in  deep  wells  by  transii 
pressure. 


PART  I. 

LONG  ISLAND  OBSERVATIONS. 
INTRODUCTORY  OUTLINE  OF  THE  HYDROLOGIC  CONDITIONS. 


The  geologic  and  topojrraphic  conditions  im^ 


S^b  Qpvania  ipdrtBt 


Cr«f*c«auti  Mav'ing  weN 
K&rlii  Sh(K«  flowing  wall 
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The  conditions  on  Long  Island,  New  York,  are  particularly  favorable  for  the  study 

of  the  fluctuations  of  water  in  wells. 

«ich  that  it  may  l)e  affirmed  that 

the  underground  water  is  derived 

wholly  from  the  rain  which  falls 

CD  the  surface  of  the  island,  and 

the  problems  involved  are,  there- 
fore, not  unduly  complicated,  as 

they  are  in  many  regions,  by  the 

possibility  of  the  influx  of  water 

from  other  areas.     In  addition 

to  this  compwiratively  complete 

ground- water  isolation,   the   is- 
land is  of  such  a  size — 120  miles 

long  and  20  miles  wide — that 

ground  -  water    phenomena    can 

attain  a  relatively  complete  de- 
velopment,   and    the    geologic^ 

structure  of    the  water-bearing 

beds,  while  not  complicate<l,  is 

suflBciently    varied    to    province 

several  differing  conditions. 
Topographically   the    western 

part  of  Long  Island — the  portion 
involved  directly  in  this  paper — 
may  he  said  to  consist  of  a  ningle 
range  of  rolling  hills,  usually  150 
to  250  feet  high,  though  in  one 
place  attaining  an  elevation  of 
over  400  feet.     This  hill  range 
descends  somewhat  abruptly  to 
the  north  shore,  where  it  is  cut 
by  several  reentrant  bays  occu- 
pying old  valleys.    On  the  south 
side  is  a  very  fiat  gravel  plain, 
sloping  gently  to  the  ocean,  along 
which  a  series  of  barrier  l>ea<!hes 
inclosing  long  marshes  hi^s  been 
develope<l.     To  the  ea.st  the  hill 
range  divides  and  }>roduces  two 
hilly  peninsulas,   each    with    a 
single  ridge  on  the  northern  wide. 

Geologically  the  inland  may  be  regar(le<l  as  a  series  of  relatively  porous  gravel  and 
sand  beds,  containing  irregular  and  discontinuous  clay  masses,  the  whole  limited 
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below  by  the  peneplained  eurface  of  a  mass  of  highly  disturbed  ana  metamorphoeec 
Paleozoic  and  pre-Paleozoic  rocks,  which  have  little  water  value  except  as  a  more  01 
less  complete  barrier  to  downward  percolation  ( fig.  1 ) .  While  these  unconsolidated  bedi 
represent,  in  the  geologic  time  scale,  several  of  the  divisions  of  the  Upper  Cretaceou 
and  as  many  as  five  Pleistocene  or  glacial  stages,  and  as  a  whole  are  stratified  deposit 
dipping  at  very  low  angles  south  and  southeastward,  they  are,  under  the  island 
essentially  continuous  from  a  water  standpoint,  and  the  rain  falling  on  the  surface  i 
relatively  free  to  pass  to  any  part  of  the  mass.  The  Pleistocene  beds  which  form  th 
surface  are,  however,  as  a  rule,  coarse  and  more  porous  than  the  underlying  Creti 
ceous  and  tend  to  increase  the  absorbing  power  of  the  island.  As  a  result,  the  pei 
centage  of  rainfall  which  passes  into  the  streams  w^ithout  first  going  through  th 
ground  is  extremely  small.  ^  This  pen^olating  water  has  entirely  saturated  the  porot 
strata  above  the  bed  rock,  except  a  limited  portion  at  the  surface,  and  has  drive 
out  the  salt  water  which  filled  these  beds  when  they  were  first  deposited  and  whii 
reoccupied  them,  at  least  in  jiart,  during  the  several  submergences  to  which  tt 
region  has  been  subjected.  The  surface  of  this  zone  of  complete  saturation,  or  tl 
main  ground-water  table,  is  coincident  with  the  sea  level  at  the  shores  and  l>ecom 
more  and  more  elevated  in  passing  inland,  though  the  rate  of  increase  of  elevation 
less  than  that  of  the  surface,  of  which  it  is  but  a  sulxlued  reflection  (fig.  1 ).  ^ 

This  slope  of  the  ground-water  table  permits  the  development  of  artesian  wells 
many  x>oints  on  the  coast,  at  elevations  which  are  commonly  less  than  10  feet  abo 
high  tide.  The  head  is,  in  all  cases,  due  to  the  greater  height  of  the  ground  wat 
in  the  adjacent  hill  mass.  In  order  that  such  a  differential  head  may  be  develo|ied, 
is  merely  necessary  that  the  water-bearing  bed  in  (]uest!bn  l>e  coarser  than  the  ov< 
lying  beds.  A  clay  or  other  impervious  cover  is  not  essential  and,  indee<l,  is  oft 
absent. 

OBSERVATIONS  OF  THE  UNITED  STATES  GEOI.OGICAIy  SURVEY. 

Observations  on  the  fluctuations  of  the  water  level  in  wells  were  made  by  the  Gi 
logical  Survey  near  Huntington,  Oyster  Bay,  Valley  Stream,  Millbum,  Long  Beat 
and  Douj^laston,  all  villages  on  Ix)ng  Island  west  of  longitude  73°  \V.,  and  betwe 
latitudes  40°  35^  and  40°  55^  N.     (PI.  I. ) 

OBSERV'ATIOXS  AVITH  DIRKCT-READING  OAGBS. 

OBSERVATIONS   AT   HUNTIXOTON,  N.  Y. 

The  Huntington  observations,  from  which  the  other  Survey  observations  developt 
were  undertaken  to  test  the  common  report  that  the  discharge  of  most  of  the  artesi 
wells  along  the  northern  shore  of  I^3ng  Island  fluctuateil  with  the  tide;  in  some  ca? 
the  flow  ranging  from  0  at  low  tide  to  over  100  gallons  jht  minute  at  high  ti< 
Nearly  all  of  these  wells  were  InMnsr  pumpeil,  or  were  utilized  to  run  rams,  but  p< 
mission  wius  obtained  to  gage  a  newly  conipleteil  well  In^longing  to  the  Huntingt 
Light  and  Power  Company,  at  Huntington  Harb<ir,  until  it  should  Ije  connecte<i  wi 
the  i>umps — a  i>eriod  of  three  or  four  days. 

A  direct-reading  float  gage  of  simple  tyj)e  was  quickly  (!onstnicted  by  Baker  &  Fii 
Brooklyn,  N.  Y.  This  consisted  of  a  2-inoh  cylinder  of  bra.**s  carrying  a  J-inch  al 
minuni  nnl  6  feet  long  and  graduated  to  hundre<ith8  of  a  foot,  with  the  zero  point  ji 


« Spear  (Rept.  Now  York  City  Commission  on  Additional  Water  Supply.  1904.  p.  829)  him  estimal 
that  43  per  cent  of  the  totiil  Mtreitm  flow  (or  14  per  cent  of  the  rainfall)  can  be  considered  asflo<xl  tl 
or  an  not  haviriff  passed  throneh  the  ground.  Ho  bases  this  judgment  on  the  relative  heights  of  t 
stream  and  ground-water  levels  near  the  south  shore,  where,  as  explained  on  jmge  51,  a  correct  ju« 
ment  can  not  be  formed.  The  average  floi>d  flow  is  believed  to  be  much  less  than  5  per  cent  of  t 
precipitation. 

b  For  details  of  the  slope  of  the  ground-water  table  see  Prof.  Paper  U.  S.  Geol.  Survey  No.  44.  1^ 
Pis.  XI,  XII. 
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)7e  the  cylinder.  For  convenience  in  carrying,  as  well  as  to  avoid  the  use  of  bo 
ga  rod  except  where  absolutely  necessary,  the  rod  was  divided  into  three  parts 
I  jointed.  The  cylinder  was  so  constructed  that  it  would  just  carry  the  total  length 
{ feet,  and  when  used  with  only  2  or  4  feet  of  rod,  weights,  balancing  the  effect  of 
part  removed,  were  added  to  the  bottom  of  the  cylinder. 

ome  trouble  was  experienced  by  the  float  tending  to  approach  the  side  of  the  well 
I  develop  a  thin  capillary  film  between  it  and  the  pipe,  which  decreased  the  sen- 
veness  of  the  gage.  It  is  suggested  that  when  direct-reading  floats  are  used  in 
la  of  small  diameter  they  be  kept  away  from  the  walls  of  the  well  by  means  of 


2.— Sketch  map  showing  location  of  well  of  Hnntlngrton  Light  and  Power  Company  at  Hunt- 
ington Harbor,  N.  Y. 

htly  arched  wires,  as  in  the  float  devinetl  by  Professor  Kingtor  the  pelf-recording 
es  used  in  the  MadiHori  exi)oriments  and  later  on  Long  Island, 
he  well  of  the  Huntington  Light  and  Power  Company  is  situated  on  a  dock  at 
ntington  Harlx)r,  near  Halesite  post-office  (PI.  I,  fig.  2. )  The  natural  level  of  the 
;aoe  at  the  point  whore  the  well  is  sunk  is  between  high- and  low-tide  mark,  but 
ground  has  Wen  built  up  by  filling  alwut  5  feet  higher.  The  well  is  75  feet  deep 
4  inches  in  diamet^^r,  and  the  water  rises  in  the  pipe  from  1  to  3  feet  above  the 
face  of  the  made  grouml.  The  well  was  pipeil  above  the  limit  of  fiow,  so  that  all 
fluctuations  conhl  Ik*  measured  directly,  rather  than  inferred  from  variations  in 
rate  of  discharge. 
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The  geologic  eection  reported  by  the  driller,  Mr.  H.  J.  Dubois,  is  as  follows: 

Section  of  well  of  IlwUington  Light  and  Potrer  Company  at  Huniington  Harbor^ 

Halmte,  N.  Y, 

Feet 

1.  Filled  ground 0-6 

2.  Swamj)  deiK^nit 6-10 

3.  Dark  sand  and  gravel 10-70 

4.  Blue  clay 70-71 

5. .  Light-yellow  gravel  containing  artesian  fresh  water 71-75 

The  artesian  flow  is  due  to  the  height  of  the  ground  water  in  the  steep  hill  just 
east  of  the  well,  the  head  Ix'ing  transniitteci  through  the  coarse  beds  encountered  in 
the  lx)ttom  of  the  well.  Water  escapes  in  many  springs  along  the  beach,  but  the 
movement  through  the  lower  gravels  is  freer  and  a  differential  head  is  produced, 
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Fn;.  8.— Dot4iIls  of  well  and  tide  ciines  ut  Huntington  Harljor,  X.  Y.,  showing  lag  between  well  vlu^ 
tide.    Yumx  observationM  with  direct-nuding  llouts  l»y  A.  C.  Veatch  and  Isaiah  Bowman. 

which,  when  a  free  escape  to  the  surface  in  affordtMl,  as  by  a  well  tiil>e,  causes  a  flow 
iiig  well.  Tht»  blue-clay  layer  rcjHirted  jiroluibly  n-prcsent'^  the  feather-edge  of  ; 
Hhcft  whith  thickens  under  the  harbor,  Imt  d(K:»H  not  ext4.'nd  l)eyond  it.  This  i 
iiifcrrc<l  from  the  general  gcolotric  n'lationn  of  the  region. 

A  lM)anl  gaj:e  divided  to  tenths  of  a  foot  was  i)lace<l  on  the  north  side  of  the  plat 
form  i)ier  at  the  jK»int  inarke<l  *'(iage  No.  1'*  in  fig.  2.  There  was  relatively  stil 
water  at  this  jujint,  and  the  oldest  inhabitant  stilted  j)ositively,  when  the  board  wa 
place<l,  at  al)out  (5  p.  ni.  on  May  K,  that  the  foot  of  the  gage  would  not  lx»  exjK)se<l  a 
low  water.  OljservatioiiH  were  at  once  l)egun  on  the  well  and  tide  gage,  and  contin 
uchI  until  :{  o'clock  on  the  morning  of  May  9,  when  at  low  tide  the  lK)ttoni  of  tli 
gage  was  exposed.  The  gage  was  then  moved  to  point  No.  2,  south  of  the  platforn 
pier,  and  the  ol)servationH  continued  from  7.38  a.  m.  May  9  to  7.30  p.  m.  May  10 
and  thus  four  high  and  thRH)  low  waters  were  comjjareii. 
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bench  mark  established  was  as  follows:  Cross  on  top  of  south  end  of  doordll, 
ide  of  building  of  Huntington  Light  and  Power  Ck»mi>any.  The  elevation 
the  zero  of  gage  No.  2  is  12.232  feet. 

obeervations  here  gave  curves  of  the  same  general  character  as  those  plotted 
erBay  (fig.  8,  p.  16). 

two  curves  are  essentially  parallel,  and  while  the  semidiurnal  range  of  the  tide 
t  8  feet,  that  of  the  well  is  about  2  feet.  The  low  water  in  the  well  is  3.6  feet 
;he  highest  water  in  the  bay. 

y.  3  the  high-  and  low-tide  readings  for  both  the  well  and  the  tide  have  been 
on  a  large  scale,  with  the  game  time  valuei?,  but  with  different  vertical  values, 
r  to  bring  out  the  amount  of  time  the  fluctuations  in  the  well  lag  behind  those 
;ide.  These  curves  in<licate  that  for  the  period  of  obtKjrvation  the  low  tide  in 
'11  has  an  average  establishment,  or  lag  behind  the  ocean  waters,  of  two 
8  and  the  high  tide  eight  minutes. 

»Iay  11  Mr.  Isaiah  Ik)wman  made  olwervations  with  the  direct-reading  floats 
[lallow  6-inch  flowing  well  belonging  to  the  Connolidated  Ice  Company,  at 
igton.  It  is  located  alx)ut  a  mile  from  the  harbor,  at  an  elevation  of  40  feet 
servations  were  continued  for  six  hours  and  no  fluctuations  of  any  character 

OBSERVATIONS   AT   OYSTER    BAY,  X.  Y. 

Qg  the  month  following  the  observations  at  Huntington  Harbor  it  was  found 
long  the  many  flowing  wells  at  Oyster  Bay  four  could  Ix*  observed  for  a  lim- 
ne. 


Fig.  4. — Sketch  map  showiiip  location  of  wcIIh  observed  at  Oyster  Bay,  N.  Y. 

e  wells  are  all  very  near  the  shore;  indeed,  the  Canino  well,  which  is  beneath 
)r  of  a  building  extending  over  tlie  water,  is  always  covt^red  at  high  tide  (fig.  4). 
ners,  the  Burj^t'ss,  Lt^.*  (or  Hill),  and  Underbill  wells  (fig.  4),  are  at  distances 
I  50  to  5(X)  feot  from  ordinary  high-tide  mark,  though  the  ground  at  all  is  cov- 
hen  extraordinary  wind-ai<U'd  tides  occur.  The  depths  of  these  wells,  as 
ined  by  soundings  at  the  time  of  the  observations,  were:  Casino,  93  feet; 
lill,  114  feet;  Lee,  ISS  feet;  Burgees,  155.5  feet.  The  Casino  and  Lee  are  3-inch 
md  the  Burgess  and  Underhill  2-inch  wells.  All  these  wells  pass  through  a 
layer  of  sand  and  gravel,  then  a  layer  of  blue  clay  50  to  75  feet  thick,  and 
penetrate  a  rather  eoarse  water-bearing  sand.  In  some  cases  the  upper  sands 
ivels  will  furnish  flowing  watvr,  but  all  the  wells  ob8er\'ed  obtain  their  supply 
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from  below  the  blue-clay  layer  (fig.  6).  This  blue  clay  thins  rapidly  southward  ai 
entirely  disappears  half  a  mile  south  of  the  wells  (fig.  7).  It  extends  under  Oysl 
Bay  Harbor  and  is  exposed  in  the  clay  pits  on  the  south  end  of  Center  Island." 


LOJsrG     ISI^AND    SOUND 


Hoyt  W%\\ 


Flo.  5.— Sketch  map  showing  topographic  fnirroundings  of  wells 
shown  in  fig.  4  and  location  of  sections  shown  in  figs.  6  and  7. 

All  these  wells  were  flowing,  and  in  each  case,  before  observations  were  commenc 
lengths  of  pipe  were  added  until  the  wells  no  longer  flowed,  even  at  high  tide.  Fl 
gages  similar  to  those  used  at  Huntington  were  then  inserted  and  the  wells  cove 


o  Sea  level 


200' 


Fio.  6.— Section  at  Oyster  Bay,  N.  Y.,  along  line  B-B,  fig.  6,  show- 
ing geologic  relations  of  wells  observed. 

with  flat-topped  caps,  each  containing  a  smooth  beveled  hole  through  which 
gage  rixl  extended.  * 


a  The  folding  of  the  beds  here  shown  is  due  to  ice  shove.  See  Prof.  Paper  U.  8.  Geol.  Survey  No. 
1906,  pp.  39-13. 

*»The  general  conditions  of  observ-atlon  are  well  shown  in  Prof.  Paper  U.  8.  Gool,  Survey  No.  44.  r 
PI.  XITI,  A.  This  view  indicates,  in  a  very  graphic  manner,  the  relation  of  the  wells  to  the  wate 
the  bay  and  the  considerable  head  developed  by  these  fresh-water  artesian  wells  ou  the  seashore. 
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•der  to  obtain  more  refined  results  than  were  possible  with  the  board  gage  a 
igton,  a  3-inch  pipe,  perforated  at  a  point  several  feet  above  the  bottom,  wa 
in  the  harbor  at  the  end  of  a  row  of  piles  and  at  a  distance  of  about  200  fee 


I 


3 


I 

3 
pi 

c 
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Hhore  (tijr.  4).     This  ntill  box  or  tide  well  waH  fitted  with  a  dire<!t-rea<ling 
liktj  thos<^  used  in  tl)o  artrsian  wolla.     ThiH  arrangement  w  not  t4»  1)6  rtnv 
kI  during  Htonny  wt^atlur,  })ut  fortunately  during  the  whole  time  of  obeer- 
thia  place  no  trouljle  was  exjjerienced  from  that  cause. 
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Obeervations  were  coinnieDced  on  the  Casino,  Underbill,  and  Biu^gem  wells  on  tl: 
evening  of  May  lM)f  by  a  ])arty  in  rliarge  of  Mr.  Isaiah  Bowman,  and  continued,  wi't 
interruptions  on  the  nights  of  May  ^  and  31  and  June  1,  to  10  p.  ni.  on  June  4. 

On  June  10  and  11  observations  were  made  on  the  Lee  (or  Hill)  well,  oovering  t\^' 
high  and  two  low  tides,  and  for  the  purpose  of  comparison  the  Casino  and  tide  w^el- 
were  al**o  observed.  ObstTvations  were  generally  made  every  minute  for  thirt 
minutes  preceding  and  following  the  times  of  high  and  low  water,  and  from  thee 
valu(»s  the  curves  shown  in  fig.  8  were  drawn.  Times  of  high  and  low  water  wer 
found  by  plotting  the  observations  n(»ar  high-  and  low-tide  marks  on  a  much  laig*' 
scale,  in  the  manner  shown  in  fig.  3.  The  values  so  obtained  are  indicated  on  fig.  t 
and  are  given  in  the  following  table: 

inference  in  time  fpetween  high-  ami  loiv-ivaier  stages  in  four  artesian  v^ls  at  Oyster  Ba  94 
y,  Y.^  and  the  tide  in  Oyster  Bay  HartHtr, 

[Time  exprei«ed  in  houn  and  minutefl  of  '24-hour  cloitk.] 
HIGH  TIDES. 


1903. 

May 
30. 

May  31. 

June 
1. 

June  2. 

Junes.     |J";*^ 

June 
la 

June 

L«ff. 

Casino  well 

'           1 

1           1 
14.S2 

1 
'  17.05 

1     - 
5.19!  18.11:    e.^ 

».**„ 

12.23 
1^20 

vtrty 

Tide 

14.43! 

1 
'  16.M 

5.12'  18.02,    6.28 

1            ' 

"J  .11 

:         1 

......|      .09|...... 

..T.TTi  i5.i3'^rro5 

Difference  (Jag) ... 

1      .11 

.07|      .091      .00 

.0!^ 

0.« 

Burgess  well 

Tide 

17.151    5.38!  18.2&I    e.M 

16.  mI   fi-iJ  IS.  02    6.  as 

'  14.43 

15.44 
21 

1 
1       .30 

1  •- 

1 

I           1 

Difference  (lag) ... 

.26]      .23,      .» 

24  T 

. 

oo!at» 
2a.  iS 

Lee  well 

'....1...... 

13,  U 

12.30 

_        . 

Tide 

1             1 

1 1 ' 1 !"""""" 

' 

1 

1 1 1 1 ! 
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1 

! ._...'......'.:.... 

,12 

,m 

i 

- 

\ 

'  18.00 

{                       j 

Underbill  well 

......    Ifi.O-J 

17. 02 
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fi.OOi  19.10      *7.A\ 

■ 

Tide 
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1                        !            1 
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1.19 
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! 

1              1 
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20.28 
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9.21 
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~.iT 

■ 
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!        1 

•     0.47    M.41      fi  »> 

Tide 

>    .      ' 

23.36    11.5,-) 1       .8817.33]     6.20' 

.10        .13' 1       -09!       .09i       .12.      T>  ft 

■|  ■ 

DilTorence  (lajr) ... 

.n 

j              ' 

Burge.Hs  well 

10.41|  11.26,a0.10 

10.00'  10.531  23.36 

12.28     1.04' '..   . 

■■  - 

Tide 

1            1 1 

11.55,      .38 

Difference  (lag) ... 

.41,      .33|      .34 

.33'       .26'...       1 

83  4 

Iajc  well 

1 18.23'    7  26 

.ft 

Tide 

1 

' 17.33'    6.20 

'  — 

1 

1            1            1 

Difference  (lag)  ... 

1 i '■ 

fini    1  nft. 

21,36 
20.10 

~1J5 

,                     1                     1                . . .  1      .  — 1    -. 

rnderhill  well 

10-17 

.,.„.!  1 1. 22'  12. 06  a  0. 55  -  - . . . . 

13.11'    1.49, 

Tide 

..„.J  10.00;  10.53 

..,,.. j    I.22I    1.13 

23.36' 

1 

^'M  '^\ 
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1,13 

1.19i 
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Observations  were  commen(»ed  on  the  Cas'no,  Underbill,  and  Burgess  wells  on  the? 
evening  of  May  30,  by  a  party  in  charge  of  Mr.  Isaiah  Bowman,  and  continued,  witl^ 
interruptions  on  the  nights  of  May  30  and  31  and  June  1,  to  10  p.  n».  on  June  4. 

On  June  10  and  II  observations  were  made  on  the  Lee  (or  Hill)  well,  covering  two 
high  and  two  low  tide«,  a.nd  for  the  purpose  of  comparison  the  Casino  and  tide  wellsi 
were  also  observed.  Observations  were  generally  made  every  minute  for  thirty 
minutt»8  preceding  and  following  the  times  of  high  and  low  water,  and  from  these 
valutas  the  curves  shown  in  fig.  8  were  drawn.  Times  of  high  and  low  water  were 
found  by  plotting  the  ol)servation8  near  high-  and  low-tide  marks  on  a  much  larger 
scale,  in  the  manner  shown  in  fig.  3.  The  values  so  obtained  are  indicated  on  fig.  8, 
and  are  given  in  the  following  table: 

Difference,  in  time  hetweeit  high-  and  low-water  stages  in  four  artesian  wells  at  Oyster  Bapj 
N.  Y.y  and  the  tide  in  Oyster  Bay  Harbor. 

[Time  expressed  In  houni  and  minutes  of  '24-hour  clock.] 
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FLUCTUATIONS    OF   THE    WATER   LEVEL   IN    WELLS. 


Observations  were  commenced  on  the  Cas'no,  Underbill,  and  Bui^gesH  welb  on  tli 
evening  of  May  30,  by  a  jmrty  in  chai^  of  Mr.  Isaiah  Bowman,  and  ccmtinued,  wit 
interruptions  on  the  nights  of  May  30  and  31  and  June  1,  to  10  p.  m.  on  June  4. 

On  June  10  and  11  observations  were  made  on  the  Lee  (or  Hill)  well,  covering  t\* 
high  and  two  low  tides,  a.n<l  for  the  purpose  of  comparison  the  Casino  and  tide  wel 
were  alr«o  olwerved.  Observations  were  generally  made  every  minute  for  thirl 
minutes  pre<!eding  and  following  the  times  of  high  and  low  water,  and  from  thei 
valuers  the  curves  shown  in  fig.  8  were  drawn.  Times  of  high  and  low  water  we 
found  by  plotting  the  ol)servations  near  high-  and  low-tide  marks  on  a  much  lao? 
scale,  in  the  manner  shown  in  tig.  3.  The  values  so  obtained  are  indicated  on  fig. 
and  are  given  in  the  following  table: 

Difference  in  time  Itetv^en  high-  and  law-water  Mages  in  four  artesian  inells  at  Oyster  Bo 
X.  Y. ,  and  the  tide  m  Oyster  Bay  Harbor, 

[Time  expre«»cd  In  hours  and  minutes  of  iM-hour  clock.] 
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OBSERVATIONS  WITH  8ELJ*-RECORDING  GAGES. 

IN8TRUMBNTO  U8BD. 

The  continoation  of  the  obeervations  by  means  of  self-recording  gages  was  due  to 
le  timely  interest  of  Mr.  F.  H.  Newell  and  Prof.  Charles  S.  Slichter.     Mr.  Newell 
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sited  the  island  when  tlie  ohscrvatione  at  Oyster  Bay  were  in  progress,  and  at  once 
rected  that  tliree  Friez  wat^T-sta^e  registers  l)e  purchased.     These  were  supplc- 
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mented  by  a  gage  tonstnKited  at  Purdue  University  from  the  designs 
Mead. 

Shortly  after  Mr.  NewelFs  visit,  and  before  the  Friez  gages  had 
Prof.  Charles  S.  Slichter  arrivetl  to  take  charge  of  the  measurement 
underflow.  He  kindly  obtained  the  loan  of  five  of  the  gages  used 
experiments  at  Madison,  Wis. ;  <>  of  these,  four  were  week  gages  and 
gage.  The  King  gages  were  constructed  by  H.  Green,  Brooklyn,  fj 
stands;  they  consist  of  an  ordinary  barograph  cylinder,  driven  by  a 
marine  clock,  the  recording  device  being  a  simple  lever  on  a  cone  beai 
on  one  end  and  a  place  for  attaching  the  float  on  the  other.  At  the  p 
clock  motion  is  transmitted  to  the  drum  there  was  a  slight  amount 
King  found  would  introduce  into  the  records  an  error  of  one  to  two  ; 
tion  brake  'was,  however,  subsecpiently  added  to  overcome  this  defe 
^  received  on  Jx>ng  Island  were  adjusted  to  magnify  the  fluctuatior 
times;  and  aa  this  scale  was  entirely  too  great  for  the  wells  observed 
extended  until  the  ratio  was  1:2  and  a  reduction  of  one-half  the 
These  gages  were  found  to  be  more  sensitive  and  reliable  than  any  ot] 
means  of  the  simple  lever  with  its  cone  bearing,  the  friction  in  thif 
reduced  to  a  minimum;  the  i)ens  respond  to  the  slightest  movemer 
and  for  the  faithful  reprtxiuction  of  small  fluctuations  this  simple  tv] 
be  highly  recommended. 

In  the  Mead  gage  the  recording  drum  is  vertical  and  the  pen  is  (^rrie 
working  between  two  upright  guides.  The  wire  supporting  the  carria 
a  wheel  connected  with  the  wheel  around  which  a  wire  from  the  floa 
lifted  and  lowered  as  the  float  descends  and  rises.  The  float  and  the  ' 
the  pen  is  attached  are  so  related  in  diameter  that  the  curve  traced  is  1 
scale.  There  is  with  this  gage,  as  with  most  gages  where  the  record 
driven  by  the  clock,  some  lost  motion  at  the  point  of  connection.  ' 
larly  bad  in  this  instrument  On  the  Long  Beach  records  great  care  ^ 
ting  the  gage  and  the  trouble  was  avoided,  but  some  of  the  curves  froi 
Douglaston,  are  clearly  in  error  two  to  three  hours. 

In  the  Friez  gage  ^  the  recording  drum  is  horizontal  and  is  move< 
while  the  pen  is  moved  by  the  ckx'kwork.  It  was  found  that  with  t 
that  must  be  used  in  wells  of  small  diameter  the  inertia  of  the  drum 
ment  was  such  that  it  would  not  move  until  considerable  head  was 
that  small  fluctuations  were  often  not  reconUnl.  There  was  also 
amount  of  lost  motion  in  the  cogs  used  in  the  reducing  device;  and  v 
trie  was  provided  for  engaging  the  cogs  closer,  this  could  not  be  d( 
increasing  the  friction  that  the  instrument  was  useless.  As  a  whole, 
sufficiently  sensitive  for  this  kind  of  work,  and  the  time  element  is  ent 

A  water-stage  register  manufacturerl  by  a  western  house  was  alsc 
results  obtained  were  not  satisfactory  l)ecause  of  the  poor  mechanical 
the  gage. 

OB8KKVATION8    OX    WKLL    OK    QUEENS    COUNTY     WATEK    COMPANY,     1     M 

HEWLETT,  N.   Y. 

Through  the  kindness  of  the  chief  engineer  of  the  Qneenhi  County  W 
Mr.  Charles  R.  Bettes,  an  artesian  well  ISl  feet  deep  and  3,300  fee 
company's  pumping  station  (PI.  II)  was  covered  with  a  nlu'lter  for  th 
the  gages  and  placed  at  the  disposal  of  tlie  Survey.  This  well,  as  is 
the  wells  c>f  about  the  same  depth  sunk  near  tlie  pumping  station,  pa 
layer  of  surface  sand  and  gravel,  then  through  beds  of  clay  and  othe 


a  Bull.  V.  S.  Wwither  B\ueau  No.  r>.  \h9-^. 
^Manufactured  by  JuUau  I*.  Ync/.,  \\a\vu\\v>Tv.  ^Vv\. 
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into  a  rather  coarse  gnvel,  which  jdelds  an  abundant  supply  of  flowing  water,  a 
The  whole  sei^tion  is  of  Pleistocene  age.  There  are  in  the  immediate  vicinity  of  the 
pumping  station  thirty-two  6-inch  wells,  33  feet  deep,  and  nineteen  6-inch  wells,  150 
to  190  feet  deep.  These  are  arranged  along  two  lines,  one  extending  northwest  and 
the  other  southwest  from  the  pumping  station.  The  extreme  end  of  the  south  line 
is  about  1,000  feet  from  the  pumping  station,  and  the  well  observed  is  therefore  over 
2,000  feet  from  the  nearest  pumped  well  and  but  slightly  to  one  side  of  the  probable 
direction  of  flow.  (Pi.  II.)  It  was  the  opinion  of  Mr.  Bettes  that  this  well  was  not 
affected  by  pumping,  and  through  a  misinterpretation  of  the  first  records  it  was 
believed  that  this  surmise  was  correct.  Considerable  discussion  was  therefore  caused 
when  it  was  found  that  the  well  fluctuations  simulated  the  thermograph  curve  in  a 
remarkable  manner,  that  these  fluctuations  were  inversely  related  to  the  tempera- 
tore  (a  rise  in  tem|)eniture  causing  a  fall  in  water),  and  that  the  changes  manifested 
themselves  with  a  lag  of  but  one  or  two  hours  behind  apparently  similar  temperature 
fluctuations.     (PI.  III.) 

The  hourly  punipage  was  kindly  furnished  by  Chief  Engineer  Bettes,  and  this 
record,  when  plotted  with  the  well  curves,  conclusively  demonstrated  that  the 
rhythmical  fluctuations  were  due  more  to  pumpage  than  to  temperature  (PI.  III). 
Fluctuations  of  a  somewhat  similar  character  are  produced  by  temperature  changes 
(gee  p.  54),  and  this  element  is  doubtless  present  in  this  curve.  On  PI.  Ill  the  effect 
of  pumpage  is  clearly  shown  in  the  double  cusi)6  of  the  well  curves  on  the  night  of 
July  5-6.  The  temp)erature  curve  shows  no  such  variations.  Similarly,  the  records 
on  June  21,  25,  and  26  show  important  differences  between  the  well  and  temperature 
cones,  which  are  largely  due  to  pumping.  These  results  are  important  because  of 
the  rapid  rate  of  transmission.  The  effect  of  this  pumping  is  felt  at  a  distance  of  2,000 
feet  or  more,  with  a  time  lag  of  but  one  or  two  hours.  This  contrasts  sharply  with 
the  very  slow  transmission  noted  in  the  pressure  changes  due  to  tidal  loading  and  to 
the  inflow^  and  outflow  along  rivers  (see  pp.  60,  65).  It  conclusively  proves  that  the 
supply  here  is  large;  that  the  beds  are  quite  porous,  and  that  the  normal  water  flow 
is  rapid. 

In  the  records  from  the  day  gage,  which  was  maintained  here  for  the  first  ten 
days,  the  larger  time  scale  brought  out  very  clearly  a  series  of  .regular  minor  fluctua- 
tions which  were  not  clearly  defined  with  the  smaller  scAle  of  the  week  re(X)rd8. 
The  most  pronounced  of  this  series  recurs  day  after  day  and  has  a  period  of  very 
nearly  twenty  minutes  and  a  range  of  0.06  to  0.08  inch. 

Besides  these  vibrations,  with  a  period  of  twenty  minutes,  there  are  several  fluctu- 
atioDs  of  smaller  amplitude  and  perifKl.  One  series  has  a  period  of  about  five  or  six 
minutes,  but  it  is  so  involved  that  little  can  he  definitely  stated  regarding  it.  An 
instrument  with  a  large  time  scale,  1  or  2  inches  to  the  hour,  and  a  vertical  scale  of 
once  or  twice  the  normal  would  record,  at  this  place,  a  very  complicated  series  of ' 
small  recurrent  vibrations. 

OBSERVATIONS    AT    IX)NO    BEACR,  N.   V. 

The  deep  flowing  well  of  the  Long  Beach  Association  at  Long  Beach,  N.  Y.  (PI. 
II),  offered  a  most  excellent  opj)ortunity  for  the  observations  of  tidal  fluctuations. 
It  is  situated  on  a  narrow,  sandy  barrier  beach,  separated  from  the  main  island  by 
a  sea  marsh  2  to  3  miles  wide,  cut  by  narrow  tidal  channels,  and  is  entirely  removed 
from  the  influence  of  any  pumping  station. 

This  well  is  3  inches  in  diameter  and  386  feet  deep.  The  water  is  obtained  in 
sands  of  Cretaceous  age  and  rises  2  to  4  feet  alx)ve  the  surface  of  the  ground  or  10  to 
12  feet  above  sea  level.  The  general  geologic  relations  may  be  inferred  from  the 
diagrammatic  cross  section  given  in  fig.  1  (p.  9). 

a  For  detailed  record  of  strata  in  near-by  wells  see  Prof.  Paper  U.  S.  Geol.  Sur\'ey  No.  44. 1906,  p.  226. 
fig.GS. 
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The  section  reported  by  the  (Iriller,  Mr.  W.  C.  Jaegle,  is  as  follows: 

Section  of  %veU  of  Ijong  Beach  AMOciatioriy  at  Long  Beachj  N.  Y. 

Feet 

1.  Whit^sand 0-  3( 

2.  Dark  sand  and  creek  mud 36-  4i 

3.  White  gravel,  containing  salt  water 40-  51 

4.  Whitepand 51-65 

5.  Dark  sand 55-65 

6.  Whitesand 65-70 

7.  White  gravel 70-73 

8.  Yellow  sand 73-76 

9.  Blueday 76-82 

10.  Yellow  gravel .' 82-90 

11.  Creek  mud : 90-99 

12.  Dark  fine  sand,  containing  lignite 99-101 

13.  Whitesand 101-111 

14.  Dark  sand 111-119 

15.  Whitesand,  with  lignite 119-121 

16.  Blue  clay 121-135 

17.  Fine  white  sand 135-143 

18.  Gravel,  with  saltwater 143-146 

19.  Dark  sand 1 45-156 

20.  Gravel,  with  saltwater 156-158 

21.  Clay 158-174 

22.  White  sand,  containing  at  190  feet  a  log  of  lignitized  wood 174-192 

23.  White  gravel  and  salt  water 192-196 

24.  Clay 196-200 

25.  Fine  sand 200-220 

26.  Solid  blue  clay 220-270 

27.  White  sand  and  woo<l,  containing  fresh  water,  sweet  and  chalybeate 270-276 

28.  Clay 276-282 

29.  White  sand  and  wood 282-297 

m  Blue  clay 297-30E 

31.  White  sand,  woo<l,  and  water 305-3W 

32.  Blueday 308-31< 

33.  White  sand,  containing  wood  and  artesian  water 317-32? 

34.  Blueday 325-34( 

35.  Whit(>  .Mand  and  minenil  water;  has  considerable  CO,,  sparkling  and 

effervescent 340-35( 

36.  Blueday 356-36( 

37.  White  siind  an<l  pure  water 360-371 

38.  Blueday 378-381 

39.  Whitesand 380-38 

40.  Whitv  day 381-38 

41 .  Fine  sand,  with  artc^^ian  water 383-38 

Mr.  F.  1).  Kathhun  was  j)laced  in  charge  of  these  observations  and  by  a  carefii 
readjustment  of  thc^  Mead  gajrc  obtained  very  excellent  curves  (PI.  IV).  lndee<i 
for  this  character  of  work  the  results  from  the  Mead  gage,  as  set  up  by  Mr.  Rath 
bun,  are  better  than  from  the  Friez  gage. 

It  was  impossil)le  to  make  iidv.  ob.viervations  at  this  jx)int,  and  the  values  plotte< 
on  the  curve  are  taken  from  those  predicted  by  the  C-oast  and  Geodetic  Survey 
f,>r  Kast  Kockaway  Inlet,  which  is  2.8  mih^s  west  of  the  well.     The  difference  in  tim( 

a  V.  .S.  Coasi  and  (JecHlelie  Survey  Tide  Tables  for  19()3.  p.  'M6. 
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le  tide  at  this  point  and  on  the  beaeh  in  front  of  the  well  is  probably  not 
two  or  three  minutes,  since  at  New  Inlet,  5.3  miles  east  of  the  well,  high 
les  occur  only  from  four  to  six  minutes  earlier  than  at  hlast  Rockaway  Inlet. 
V  regarding  the  tidal  fluctuations  in  the  channel  behind  Long  Beach  are 
er.  Mr.  Paul  K.  Ames,  of  the  Long  Beach  Association,  through  whose 
.  was  poK^ible  to  make  observations  on  this  well,  states  that  the  amplitude 

in  Broad  and  Long  Beach  channels  is  about  4  feet,  or  the  average  of  the 
s  in  the  oi)en  ocean  at  this  point,  and  that  in  the  tides  behind  Long  Beach 
ag  of  about  one  hour. 

ions  a  few  miles  to  the  west  in  Jamaica  Bay,  which  is  separated  from  the 
1  by  a  sand  bar  similar  to  that  at  Long  Beach,  show  that  at  various  points 
I  l)ar  the  high  and  low  water  are  from  thirty-two  to  eighty  minutes  behind 
stages  in  the  ocrean,  and  that  the  lag  at  high  water  is  less  by  from  six  to 
Qtes  than  at  low  water. «  It  may  be  confidently  affirmed  that  a  similar  lag 
he  channels  behind  Long  Beach. 

curve  obtained  is  a  very  smooth  curve,  which  is  apparently  the  simple 
f  the  tiiles  in  the  ocean  and  those  inside  of  the  bar.  The  extreme  regu- 
le  low-tide  values  is  Ix^lieved  to  be  due  to  the  mo<lifying  influence  of  the 
le  inner  channels,  which,  because  of  the  shallow  character  of  the  outlets 
ean,  would  have  a  much  smaller  low-tide  variation  than  the  ocean.  The 
ligh  and  low  waters  in  the  well,  compared  with  the  ocean  tide,  is  given  in 
ng  table: 

iiig  difference  in  time  between  high  and  loir  water  in  a  SSO-faot  well  at  Ixrng 
\  Y.y  and  the  tide  us  predicted  hy  the  United  States  Coattt  and  Geodetic  Survey 
Rockaway  Inlet  {PL  JV). 


1903. 


High  water, 
Well.         Tide 


Low  water. 


Time 


Time 


DifYer- 
ence. 

H0UT» 

and  mm 
utes 


• 


2.20 
15  20 

3  20 
1().  10 

4  Of) 
17  05 

7  05 
19. 25 

7.35 
20  10 

8.35 
20.  .')0 

9.15 
21.35 

9. 55 
22.  a5 
10.40 
'23. 05 


0.13 

12  53 
1.10 

13  02 
2.13 

14.  49 

3.13 
15.46 

5.58 
18.14 

0.44 
IS  55 

7.25 
19.3^1 

8.  (W 
20.11 

8.38 
20.46  ; 

9.09 
21.19  I 


1.07 


1  10 
1.28 
1.07 
1.21 
0.52 
1.29 
1  07 
1.11 
0  51 
1.15 
1.10 
1.16 
1.12 
1.24 
1.17 
1.19 
1.31 
1.46 


Well. 

Tide 

Differ- 
ence. 

Time 

Time 

Hours 
and  min- 
utes. 

18  30 

18.09 

0.21 

7  00 

6.36 

0  24 

19  50 

19.10 

0.40 

8  00 

7  32 

0.28 

20  f>0 

20  14 

0.36 

9  20 

8.25 

0.65 

22  00 

21.16 

0.44 

10  30 

9. 26 

1.04 

0  40 

23.59 

0.41 

12  20 

11.59 

0.21 

1.10 

0.44 

0.26 

12  50 

12.44 

0.06 

2.00 

1  24 

0.3^ 

13.  fv5 

13. 24 

0.31 

2. 50 

2.02 

0.48 

14. 35 

14.04 

0.31 

3. 20 

2.36 

0.44 

15.15 

14.38 

0.25 

3.40 

3.11 

0.29 

15.35 

15.09 

0.26 

a  V.  S.  Coast  and  Geodetic  Survey  Tide  Table  for  1908,  p.  346. 
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Table  skotmng  difference  in  time  between  high  and  low  ioater  in  a  S86-foot  weU  at  j 
Beachf  K  Y.,  and  tide  at  East  Rockatmy  Irdet — Continued. 


Date. 


High  water. 


Well. 


Tide. 


Differ- 
ence. 


Low  water. 


Well. 


Tide. 


^ 


1908. 


July  13 . 
July  14. 
July  15. 
July  16. 


Time. 
11.60 
23.00 
11.40 
23.45 


Time. 
9.44 
21.54 
10.21 
22.28 


Hours 

and  min- 

\Uc». 

2.06 

1.06 

1.19 

1.17 


12.20 
0.30 


11.03 
23.09 


1.07 
1.21 


July  17 

Average., 


23.56 


1.14 


Time. 

4.50 
16.55 

5.10 
17.10 

5.55 
18.00 

6.20 
19.20 

7.20 


T^me, 

8.44 
15.44 

4.19 
16.21 

4.65 
17.04 

5.34 
17.55 

6.27 


.19 


It  will  be  noted  that  the  lag  at  high  water  is  greater  than  at  low,  which  n  j 
the  reverse  of  what  occurs  in  tidal  rivers,  where  the  water  rises  much  more  rapw 
than  it  falls  and  the  low-water  lag  is  long  and  the  high-water  lag  short.  Thia  ia 
im{)ortant  result  bearing  on  the  relation  between  the  fluctuations  of  the  watei 
wells  and  the  oc;eanic  tide  and  <'learly  refutes  the  doctrine  that  the  tidal  fluctuatit 
here  are  due  to  leakage  and  that  the  fluctuations  are  analogous  to  thoee  of  ti 
rivers.     (See  pp.  63-67.) 

OBSERVATIONS   ON   THE  8CHREIBER   WELL   NEAR   MILLBURN.    N.    V.       . 

This  well  islm^ated  on  the  very  edge  of  the  sea  marsh,  alx)ut  2  miles  south  of  Ba 
win  station  on  the  Ix)ng  Island  Railroad  (PI.  II).  It  is  8  inches  in  diameters 
the  total  depth  determined  by  sounding  is  288.6  feet.  The  water  will,  when  pij 
up,  rise  about  a  foot  above  the  surface  of  the  ground.  After  an  unsuccessful  atten 
to  record  the  fluctuations  here  with  a  Friez  gage,  which  gave  no  results  because 
the  small  amplitude  of  the  fluctuations,  the  King  gage  used  on  the  C^ueens  CJoui 
Water  Company  well  near  Hewlett  was  set  up  and  the  reconl  obtainecl  from  July 
to  August  5.  This  record  shows  the  most  erratic  fluctuations  obtained  on  Lc 
Island  (Fl.  V). 

In  all  the  other  rei'-ords,  while  there  are  always  many  factors  present,  certain  fl 
tuations  can  be  definitely  ascribed  to  temj>erature,  atmospheric  pressure,  rainfi 
pumj)ing,  or  transmitted  tides,  but  here  either  the  curves  pHwluced  by  severa 
the.se  factors  have  been  so  super]>ose<l  that  the  character  of  esich  is  thoroug 
masked  or  new  factors  have  l)een  introduced.  The  most  evident  characteristic 
these  curve  s  is  the  greater  rapidity  and  abruptness  in  the  fall  of  the  water  thar 
its  rise.  .\l)rupt  drops  of  this  character  are  known  to  be  produced  by  changee 
barometric  j^rej^sure  and  by  pumping.  It  will  l>e  noted  in  this  case  that  these  t 
tuations  are  not  repn'sentc<l  in  the  barograph  trurve,  and  a  comparison  with 
record  from  the  r)()4-fo(»t  well  at  Lynbrook  (PI.  VI),  in  which  the  geologic  coi 
tioiiH  are  very  similar,  shows  no  i'orrcspondence,  although  the  Lynbrook  wel 
clearly  greatly  affected  by  barometrit'  chaiigt'S. 

The  nearest  pumping  stations  are  at  Rockville  Center  and  FrtM'jK»rt,  and  these 
small  village  ])lants.  At  Rockville  Center  there  were  at  this  time  four  8-inch  w€ 
about  50  feet  deej>,  and  at  Freeport  4  wells,  about  \\b  feet  dei'p.  At  Rockville  Cei 
about  150,000  gallons  per  day  were  i)umi)e(l,  and  at  Freeport  about  100,000.     Tb 
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ations  are,  respectively,  1.9  and  2.4  miles  from  the  Schreiber  well  (PI.  II).  The 
ofkville  Center  pumping  station  is,  moreover,  nearer  the  deep  Lynbrook  well  than 
le  Sihreiber  well,  and  the  Lynbrook  well  shows  no  such  fluctuations.  It  is  there- 
.re  lHdieve<l  that  these  fluctuations  are  not  due  to  pumping. 

A  third  hypothesis  is  that  the  fluctuations  are  largely  tidal,  and  that  they  represent 
le  complicated  stresses  resulting  from  the  culmination  of  the  tides  at  different  times 
I  tlu?  neighlx)ring  network  of  creeks  and  channels.  The  conditions  near  this  well 
•♦»  regar(le<l  as  (piite  favorable  for  complex  tides,  but  the  resultant  of  these  would 
/  represente<l  by  a  8m(M)th  curve,  as  is  shown  by  the  Ix)ng  Beach  well.  The  nonnal 
ilal  curve  in  such  narrow  channels  would,  moreover,  show  a  rapid  rise  and  a  gradual 
,11,  wliile  the  well  curve  is  just  the  reverse. 

T)ie  fluctuations  in  this  well  are,  so  far  as  known,  unique.  The  geologic  condi- 
ons  are  believed  to  correspond  in  a  general  way  with  those  in  the  368-foot  well  at 
ong  Beach  and  the  5()4-foot  well  at  Lynbrook,  lK)th  in  the  same  region,  but  the 
Kiracteristid?  of  the  curves  are  entirely  different  and  apjmrently  not  related  to  either. 

OIJSERVATIONS    AT    LYNBROOK,   N.    Y. 

A  station  was  establishe<l  one-half  mile  west  of  Lynbrook  (PL  11).  At  this  point 
lere  were  two  test  wells,  one  504  feet  deep  and  the  other  72  feet,  belonging  to  the 
iieens  County  Water  Company.  Through  the  kindness  of  Mr.  Franklin  B.  Lord, 
resident,  and  Mr.  CUiarles  R.  Bettes,  chief  engineer,  these  wells  were  covere<l  with 
shelter,  and  a  third  well,  14  feet  deep,  driven  about  6  feet  from  the  other  two. 
his  gave  a  shallow  surfat-e  well,  a  "deep  well'*  (comparable  to  many  of  those  used 

the  Br(K)klyn  waterworks  pumping  stations  west  of  this. point)  which  floweil  at 
le  surface  for  al)out  half  the  time,  and  a  very  deep  artesian  well,  all  within  a  few 
et  of  each  other  and  away  from  the  zone  of  influence  of  any  pumping  station. 
About  15  feet  from  the  wells  there  is  a  small  ground-water  fed  brook,  the  bottom  of 
liifh  has  an  elevation  of  about  10  feet  above  sea  level;  the  ground  at  the  wells  is 

'i  feet  above  sea  level,  and  the  crest  of  the  low  swell,  1,000  feet  to  the  west,  about 

fi.»et  (PI.  II,  p.  16).  The  surface  material  is  yellow  loam,  ranging  from  a  few 
1*1  les  to  3  feet  thick,  then  rather  coarse  sand  an<l  gravel.  No  reconl  was  preserved 
the  strata  penetrate<l  in  the  72-  and  504-foot  wells,  but  a  new  well  sunk  during  the 
iiimer  of  1904,  about  300  feet  west  of  this  group  of  wells,  gave  the  folio  wing  section: 

f^fifm  (tf  trell  of  Queens  Conntij  Water  ConifHinyy  one-h(iif  mite  luei^t  of  Lynbrook^  N.   Y. 

^l>ury:  Feet. 

1 .  Coarse  yellow  (piartz  sand ;  no  erratic  material 0-29 

2.  Light-gray  sand 29-31 

3.  Same  as  No.  1 31-73 

retaceous?: 

4.  Light-gray  silty  clay 73-89 

5.  Light-yellow  niediuni  sand ',  no  erratic  material 89-150 

retaceous: 

6.  Fine  to  medium  gray  lignitic  sand 150-158 

7.  Very  fine  black  micaceous  lignitiferous  silt 158-200 

H-9.  Very  fine  dark-colore<l  lignitiferous  sand 200-228 

10.  Medium  light-gray  sand,  ^^  ith  small  amount  of  lignite 228-340 

11.  Dark-colored  lignitiferous  silty  clay 340-363 

12.  Medium  dirty-yellow  sand,  lignitic 363-403 

13.  Medium  to  coarse  gray  sand 403-536 

The  water  in  the  504-foot  well,  during  the  time  of  observation,  stood  from  0.8  foot 
)  2.2  feet  al)Ove  the  surface;  in  the  72-foot  well  from  0.6  foot  below  to  0.5  foot  alx)ve 
le  surface,  and  in  the  14-foot  well  from  0.6  foot  below  to  0.2  foot  above  the  sur- 
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face.  The  water  in  the  14-foot  well  rose  above  the  surface  three  or  four  tiina 
;^riod8  of  a  few  hours.  The  elevation  of  the  water  table  under  the  low  swell  t< 
west  was  probably  about  13  feet 

Mr.  Francis  L.  Whitney  was  placed  in  charge  of  the  observations  at  this  point 
King  gages  were  installed  on  supports  clamped  to  the  well  casings.  The  gages 
maintained  from  June  25  to  September  15,  and  some  of  the  results  are  giv€ 
PI.  VI.  These  give  a  large  amount  of  important  material  bearing  not  only  on  pi 
scientific  problems,  but  on  some  of  the  live  economic  problems  of  the  region.  II 
be  noticed  that  as  a  whole  the  curves  of  these  wells  are  parallel.  This  hem 
directly  on  the  old  question  of  the  source  of  the  water  in  the  deep  wells  on  ] 
Island.  It  has  long  been  a  favorite  hypothesis  that  in  some  mysterious  way  ] 
quantities  of  water  were  introduced  by  great  underground  streams  from  the 
England  States,  and  this  504-foot  well  was  one  of  the  wells  which  were  suppoM 
strike  one  of  these  streams.  It  has  already  been  shown  ^  that  the  source  of  the  i 
in  the  deep  wells  on  Long  Island  is  from  the  rain  that  falls  on  the  surface  (see  p. 
and  the  really  remarkable  agreement  of  the  general  shape  of  these  curves  fumi 
additional  confirmation,  pointing  as  it  does  to  close  interrelation  and  a  com 
source. 

The  behavior  of  these  wells  during  rain  storms  shows  that  rain  may  affect 
water  level  in  wells  in  two  ways,  (1)  without  the  water  reaching  the  ground-n 
table,  and  (2)  by  actual  infiltration  and  addition  to  the  ground  water.  In  ! 
cases  the  effect  is  greatest  in  the  shallow  well.  In  the  first  case  all  wells  comm 
to  rise  as  soon  as  the  rain  begins,  and  rise  abruptly,  sometimes  several  inches.  ' 
this  can  not  be  due  to  actual  infiltration  is  shown  by  its  instantaneous  (*haracter 
by  the  fact  that  the  water  in  the  shallow  14-foot  well,  driven  entirely  in  sand, 
above  the  surface  of  the  ground  four  times  under  such  circumstances.  Such  i 
moreover,  produce  no  permanent  deflection  of  the  well  curve.  (See  record  for  ^ 
18-22,  PI.  VI.) 

This  sudden  rise  is  due  to  a  number  of  factors.  In  the  first  place,  when  the 
above  the  water  table  is  filled  with  air  the  addition  of  water  to  the  surface  pr 
cally  seals  the  outlets  for  the  air  and  the  weight  of  the  rain  is  transmitted  by 
confined  air  to  the  water  table.  The  effect  of  such  a  transmission  is  to  hastei 
discharge  of  the  water  at  the  ground- water  outlet,  and  so  procluce  an  immediate 
in  the  streams.  In  this  manner  rains  which  never  reach  the  ground-water  i 
and  which  do  not  contribute  directly  to  stream  flow  may  immediately  produ 
greatly  increased  stream  discharge.  It  should  be  noted  in  this  connection  thai 
well  always  rose  before  the  adjacent  brook,  although  the  brook  might  later  rea 
higher  elevation. 

In  the  second  case,  when  the  water  in  the  wells  is  elevated  by  the  actual  i>er 
tion  of  water,  the  water  rises  gradually  and  reaches  its  highest  point  several  da^ 
weeks  after  the  rain,  rather  than  in  several  minutes.  In  the  catse  of  the  heavy  i 
which  occurred  on  August  28,  the  14-foot  well  reacheil  its  highest  jwint  before  i 
on  the  29th,  the  72-foot  well  at  alwutO  o'clock  on  the  21Hh,  and  the  504-foot  we 
noon  on  the  30tli.  There  are  three  factors  concenuHl  in  this  last  rise:  (1) 
instantaneous  transmission  of  j)ressure  due  to  weight  of  rain  on  the  surface  ir 
vicinity  of  the  well;  (2)  actual  percolation  in  the  vicinity  of  the  well,  and  (3) 
gressive  deformations  resulting  from  the  weijjht  of  the  rain  at  more  distant  po 
The  rise  in  the  deeper  wells  is  wholly  due  to  the  first  and  thinl  causes.  The  c 
in  this  (rase  is  actually  displaced  and  returns  to  its  former  jiosition  only  gradu. 
instead  of  at  once,  as  in  the  cjiso  (lescril)ed  al)ove. 

Jiaronietnc  changes  affe(rt  the  504-foot  well  most,  but  are  occasionally  percep 
in  the  72-foot  well.  Tenij>erature  changes  j)roduce  rhythiniciil  daily  fluctuatior 
the  14-  and  72-foot  wells;  in  the  first  the  changes  are  very  pronounced,  amouc 


a  Prof.  Paper  U.  S.  Geol.  Survey  No.  44,  1906,  pp.  67-69. 
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s  much  88  Ij  incheH  a  day.  The  504-foot  well  8howe<l  a  regular  fluctuation  with 
hijrh  and  two  low  waters  a  day.  The  flmrtuation,  however,  is  not  progreeeive, 
do  is  not  tidal. 

he  curve  from  the  504-foot  well  shows  a  great  number  of  minor  periodic  oscilla- 
i»,  but  the  time  scale  is  not  sufficiently  great  to  study  them  satisfactorily.  The 
t  pronountted  of  the  series  has  a  j^eriod  of  al)out  forty  minutes.  The  72-foot  well 
isionally  shows  well-marked  se(H>ndary  oscillations,  with  a  perio<l  of  approxi- 
ely  eighty  minutes.  For  a  i^areful  study  of  these,  however,  a  much  lai^er  gage 
1  a  large  time  scale  is  demandeil. 

OBSERVATIONS   AT   DOUGLASTON,  N.  Y. 

1  the  winter  of  1902  and  liK)3  a  number  of  shallow  wells  were  sunk  along  the  base 
ills,  east  of  Alley  Creek,  and  near  **The  Alley,*'  an  old  settlement  just  south  of 
igla.ston,  N.  Y.  (PI.  VII),  for  the  Citizens*  Water  Supply  Company.  Six  of  these 
[lowing  wells,  and  in  the  other  two  the  water  comes  very  near  the  surface.  Through 
kindness  of  Mr.  Cord  Meyer  and  his  son,  Mr.  J.  Edward  Meyer,  president  and 
:*rinten(lent,  rt»spectively,  of  the  Citizens*  Water  Supply  Company,  the  flowing 
Is  were  pi{>ed  up  beyond  the  limit  of  flow  and  thus  prt^pared  for  gaging, 
he  relative  elevation,  depth,  and  head  in  these  wells  are  shown  in  the  following 
e: 

Eln^alions  in  ireUs  of  Cltizemt*  W(Uer  Supply  Compamj,  at  DongUiMon^  N.  Y. 


Elevation 

Depth  of 

of  surface 

bottom  of 

above  sea 

pipe  below 

level. 

sea  level. 

V  Pond 

1  No 

1 

No 

2 

No 

3 

No 

4 

No 

5 

Nm 

6 

N(» 

' 

No. 

H 

Fed. 

Ptt'l. 

17.2 
20.2 

20.6 

10.2 

25 

6 

28 

5 

25 

10.8 

39 

10.1 

35 

9.8 

30 

10.5 

17 

Avemge 
height 

above  sea 
level  to 
which 

water  will 
riHcif 

piped  up. 


Feci. 


17.2 
19 

9 

8.5 
18 
18 
19 
17 
15 


he  strata  encountered  vary  considerably;  some  of  the  wells  penetrate  nothing 
sand  and  gravel,  and  in  others  clay  lx.'ds  ot  greater  or  less  thickness  are  found. 
'  water  is  derive<l  from  the  adjacent  hill  ma.*<s,  the  height  of  the  ground  water  in 
ch  determines  the  hea<l  in  these  wells. 

he  tidal  marsh  to  the  west  is  a  mass  of  soft  black  mud  largely  covered  with  a  mat 
rowing  vegetable  matter,  which  is  sulliciently  firm  to  walk  on,  but  which  gives  at 
ry  step.  This  surface  mat  of  roots  is  ofUMi  sufficiently  tenacious  to  hold  up  when 
lomiined  by  the  small  streams  formed  by  the  many  springs  that  occur  at  the  base 
he  hills,  and  the.'^e  streams  often  flow  through  un<lerground  passages  l)eneath  the 
f.  The  underlying  mud  or  black  ooze  is  over  10  feet  thick  in  the  upi)er  end  of 
mud  flat,  antl  Mr.  I).  L.  Van  Nostrand  states  that,  hi  driving  piles  for  a  dock 
he  bridge,  the  dej)th  to  "solid  ground"  was  found  to  lie  ()o  or  70  feet.  The  arte- 
i  pressure  beneath  this  mud  has  cause<i  the  ground  to  rise  in  several  places,  with 
resultant  pro<lucti(Mi  of  many  small  rapids  (PI.  VII).  At  a  numl)er  of  points 
r  the  upper  end  of  the  hsmxw,  where  the  mud  is  thin,  the  water  has  broken 
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through  and  produced  low  mud  cones  or  mud  volcanoes. <»  The  drilling  of  the  arte- 
sian wells  and  the  fact  that  they  were  allowed  to  flow  freely  have  perhaps  in  part 
relieved  the  pressure  here,  and  during  the  three  months  the  cones  were  obser\'ed 
they  did  not  change  materially,  although  on  several  occasions  mud  was  seen  rising 
from  the  craters  and  flowing  down  the  sides.  Three  hundred  feet  north  of  the  mud 
flat  and  on  the  east  bank  of  Alley  Creek  there  is  a  lesser  area  of  nmd  which  is  not 
covered  at  low  tide.  In  this  there  is  a  marked  mud  flow,  which  is  likewise  prolmbly 
connected  with  the  artesian  waters  under  discussion. 

Mr.  Francis  L.  Whitney  was  placed  in  chai^  of  the  work  here,  and  he  prepared 
woo<len  shelter  boxes  covered  with  tarred  paper.  These  were  securely  damped  to 
the  top  of  the  well  pipes,  which  were  steadied  by  means  of  guy  lines.*  A  tide  gage 
was  establishetl  on  the  end  of  the  crib  of  the  drawbridge  on  the  main  turnpike. 
(PI.  VII.).  The  crib  furnished  a  very  good  still  box,  and  the  locality  is  as  near  the 
wells  as  it  was  possible  to  get,  for  to  the  south  the  creek  bed  is  uncovered  at  low  tide. 

The  equipment  consisted  of  3  Friez  gages  and  I  Mead  gage.  The  Mead  gage 
was  placed  on  well  No.  8  and  furnished  the  only  record  running  through  the 
whole  of  the  time  of  observation.  One  of  the  Friez  gages  was  plac»eil  at  the  draw- 
bridge during  the  whole  period,  but  from  one  cause  and  another  no  reconl  was 
obtaineii  before  August  6,  and  after  that  time  the  record  was  not  complete. 
By  shifting  the  remaining  gages  records  were  obtained  for  a  time  from  all  the 
wells  but  No.  3.  Some  of  the  curves  obtained  from  these  observations  are  shown  in. 
PI.  VIII. 

All  these  wells  are  clearly  tidal,  but  when  the  question  of  the  rate  of  propagation"^ 
of  tidal  effect  is  considered  many  difliculties  are  encountered  and  the  extreme  coii^^ 
plexity  of  the  problem  at  once  becomes  evident.     The  curves,  while  broadly  resen  »- 
bling  each  other,  show  many  minor  points  of  difference,  which  must  be  attribute^ 
to  the  varying  »h&\)e  of  the  tidal  wave  in  the  mud  flat  near  the  wells  and  the  con9*==^ 
quent  complexity  and  variation  of  the  stresses  involved.    Thus  Ihe  records  fror:w 
wells  2  and  8  show  that,  while  the  relative  amplitudes  of  the  high  tides  agre-*^ 
perfectly  and  Ixjth  show  a  tendency  towanl  a  double  cusp  at  high  tide,  in  well  No.    ^ 
the  second  <'U8p  is  characteristically  greater,  while  in  well  No.  8  the  first  cusp  is  ofte:*^ 
the  greater;  compare  curves  from  July  27  to  29.     The  low-tide  curves  also  show  marked* 
differences;  thus,  in  well  No.  2  there  is  a  continue<l  fall  until  the  tide  turns,  whic^* 
it  dr)es  sharply;  in  No.  8  there  is  a  long  period  of  stagnation  and  the  curve  is  round e<i 
when  the  rise  Ix'gins.     Evidently  these  curves  are  not  readily  comparable  with  tl^^ 
tide  gage  at  the  bridge  nor  with  each  other,  for  each  represents  the  resultant  of  ^ 
different  net  of  forces.     The  conditions  for  the  production  of  such  differences  are  very 
favorable.     The  semiliquid  marsh  mud  yields  readily  to  all  pressure  changes,  ho^" 
ever  slight;  the  liquidity  of  the  mu<l  varies  greatly  from  i)oint  to  point,  and  whil*^ 
the  artesian  wati*r  does  not  commonly  e8ca|>i»  through  the  mud  covering  it  may,  ^^ 
shown  V)y  the  mud  cones,  do  so  at  any  time,  and  such  a  point  of  relief  would  affe^'^ 
adjacent  wells  <lifferently. 

Another  factor  making  exact  time  <'oniparisons  ditiicnlt  is  the  small  scale  of  tli*^ 
records  and  the  great  amount  of  lost  motion  in  the  Mead  gage.  The  Mead  record*^ 
show  unquestionable  time  errors  of  one  to  two  hours,  and  fortius  reason  the  eii^^ 
values  are  more  important  than  the  initial  ones  (^f  each  record.  Where  evi<ler»  * 
errors  occur  in  the  record  of  the  Mead  gage  for  well  No.  8  they  have  been  co> 
recte<l  as  far  as  possible,  and  an  attempt  has  l)een  made  to  indicate  on  the  diagrai  »  * 
the  various  details  affecting  the  time  values  so  far  as  known.  For  this  purpose  thi  ^^ 
end  of  each  of  the  original  record  sheets  has  been  indicated  on  PI.  VIII. 


nSee  Prof.  Paper  l\  i^.  Ge<il.  Survey  No.  46.  1906,  PI.  XXVII.  r. 

b  An  illustmtion  of  the  gage  box  on  well  No.  4  will  l)e  found  in  Prof.  Paper  V.  S.  Geol.  Survey  No.  «l-^  • 
1906,  PI.  XIV. 
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SKETCH  MAP  SHOWING  LOCATION  AND  TOPOGRAPHIC  SURROUNDINGS  OF  WELLS 
CITIZENS'   WATER  SUPPLY  COMPANY   NEAR   DOUGLASTON,   N.  Y. 

Black  dots  indicate  location  of  nnud  volcanoes. 
By  A.  C.  Veatch,  1903. 
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long  island  observations.  27 

servations  ok  the  new  york  city  commission  on 
/additional  water  supply.* 

rig  Island  division  of  the  commission  on  additional  water  supply  under  the 
of  Mr.  W.  E.  Spear,  division  engineer,  during  the  period  from  the  middle 
)the  last  of  October,  1908,  made  many  observations  on  the  water  level  in 
I^ong  Islantl.  In  all  al>out  1,200  wells  were  observed  at  intervals  of  from 
*ee  days  by  means  of  steel  tapes  fitted  with  cup  sounders.  From  these 
)n9  Mr.  S{)ear  endeavore<l  to  obtain  the  velocity  of  the  downward  capillary 
e  watiT  on  Long  Island. 

)logical  illations,  eijuipped  with  self-rei^ording  instruments,  were  established 
k'ood  and  Floral  Park  (PI.  I,  p.  9).  It  was  from  these  records  that  the 
iph,  barograph,  and  rainfall  curves  shown  on  Pis.  Ill,  V,  and  VI  were 

'ar  likewise  obtaine<l  from  the  records  of  the  Brooklyn  waterworks  data 
the  fluctuations  of  the  water  in  sliallow  wells  <m  the  south  shore  and  the 
umping  at  Merrick  and  Agawam. 

alter  E.,  Long  Island  souix'es:  Kept.  Commission  r»n  Additional  Water  Supply  for  the  City 
k,  Nov. :«,  1903,  New  York.  1904,  appendix  7,  pp.  617-806 


PART  II. 

GENERAL    DISCUSSION    OF   THE    FLUCTUATIONS    OF    >VATER 
LEVEL  IN  WELLS. 

CIvASSIFICATION  OF  CAUSES. 

The  vertical  fliuituations  of  the  ground-water  table  or  the  changes  in  ihe  level  of 
the  water  in  well«  may  l>e  grouptxl  as  follows: 

A.  Fluctuations  due  to  imtural  causi'R. 

I.  Rainfall  and  evaporation. 

1.  Fluetuallons  not  depending  on  single  showers. 

a.  Regular  annual  fluetuationH. 

b.  Irregular  secular  changes. 

2.  Fluctuations  produced  by  single  showers. 

a.  By  transmission  of  pressure  without  any  actual  addition  to  the  ground  water. 

b.  By  the  actual  addition  of  rain  to  the  ground  water. 
II.  Baromelric  changes. 

III.  Therinometric  changes. 

1.  Fluctuation  directly  rttlated  to  temperature. 

2.  Fluctuation  inversely  related  to  temperature. 

a.  At  the  surface  of  the  ground-water  table,  directly  through  temperature  changes. 

b.  Ill  deeper  zones,  by  pressure  changes  produced  by  fluctuations  of  the  preceding 

cijiss. 

IV.  Fluctuations  pnxluced  by  adjacent  bodies  of  surface  water:  Rivers,  lakes,  the  ocean. 

1.  By  changes  in  rate  of  ground-water  discharge. 

2.  By  Reepngc. 

3.  By  plastic  deformation  due  to  varying  loads. 
V.  Fluctuations  due  to  geologic  changes. 

B.  Fluctuations  due  to  human  agent  les. 

1.  Settlement,  deforestation,  cultivation,  drainage. 

2.  Irrigation. 

3.  Dams. 

4.  Underground  water-supply  developments. 

5.  I'liequal  loading. 

C.  Fluctuations  due  to  ludelerniiiuite  causes. 

The  relation  bctweon  tho  lluctiiations  due  to  natural  causes  may  be  stated  in  this 
way:  On  tlu'  broad  and  irregular  curves  i>roduccd  by  the  secular  climatic  and  geo- 
logic changes  are  superposed  the  regular  annual  fluctuations,  which  are  perhaps  the 
most  charaetenstic  and  inii>ortant  of  the  ground-water  fluctuations  due  to  natural 
ciiuses;  and  on  tliese,  in  turn,  are  superposed  the  simple  rainfall,  barometric,  ther- 
monietric,  tidal,  and  flood  fluctuations.  This  comj)lex  curve,  made  up  of  many  regu- 
lar and  irregular  elements,  is  further  modirted  by  human  agencies.  The  cumulative 
effect  of  these  human  agencies  is  irregular  and  the  result  is  to  mcKlify — indeed,  often 
to  largely  alter — the  chara<'ter  of  the  broad  irregular  curves  produce<l  by  secular  cli- 
matic and  geoU>gi('  changes.  Yet  some  (►f  these  human  modifications  have  a  perioilic 
value  which,  in  the  case  oi  cultivation,  for  example,  may  greatly  change  the  ampli- 
tude of  the  annual  fluctuations,  or,  in  the  ciuse  of  pumping  or  tlie  change  of  water 
level  behind  a  milldam,  may  give  rise  to  rather  regular  daily  fluctuations. 
28 
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F    TIDE    IN    ADJOINING    CREEK. 

^es.     At  point  marked  *  on  well  curve  Mo.  8  \osl  n\oWot\  \*  w\d» 
original  record  sheets. 
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FLUCTUATIONS  PRODUCED  BY  NATURAL  CAUSRvS. 
R^VINTALL.  AND  EVAPOUATION. 

BXeXTLAK  AHVUAL  TLUCTITATIONS. 
GENERAL   CHARACTER   AND   CAITSE. 

Toldf  ich,  from  a  study  of  nine  years'  olwervations  on  a  19-foot  well  at  Salzburg,  con- 
leii  that  the  rise  and  fall  of  the  ground  water  stands  in  no  relation  whatever  to^he 


.  9.— Yearly  rainfall  and  vvaltT-level  curves  In  shallow  wells  In  mKidle  Europe  (alter  Soyka). 
The  curves  are  duplicated  for  a  second  year  to  lacilitaie  comparisons. 

ount  of  rain,  since  with  the  same  quantity  of  precipitation  it  at  tunes  rises,  and  apiin 
8,  and  even  with  conHidorahly  increasing  quantities  of  rain  it  often  fid  Is  constantly." 


Woldhch,  Johann  NejM)muk.  Mitt.  d.  Teohn.     K1u»)m  zu  SalzburR.  18*W,  Ileft  1,  Zeitschrlft  d. 
?rreichis<rhen  (ieselJs<imft   !»ir  Meloorologie,   Bd.  4.   lS6\i,  pp.  273-279    ?e\\c\t'%  ^\5^T«.vvvV»cXi<b 
utodlungen,  Bd.  2,  Jh-li  3.  Wiun,  lH>w,  p.  23. 
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While  so  broad  a  statement  is  not  entirely  tme  for  all  localities  in  the  North  Tern 
perate  Zone,  yet  it  properly  emphasizes  the  fact  that  the  relation  between  the 
ground-water  fluctuations  and  the  rain^l  is  not  the  simple  one  which  might  be 
inferred  from  the  statement  that  the  rainfall  is  the  source  of  the  ground  water. 
Observations  at  many  points  in  the  North  Temperate  Zone  have  shown  that  the 


Fui.  10. — Yearly  rainfull  and  water-level  curves 
are  duplicatetl  for  a  Keeon<l 


in  shallow  wells  in  the  United  States.    The  curves 
year  to  facilitate  comparisons. 


ground  water  lluctuatcs  in  a 'yearly  period  with  a  single  niaxiniuni  and  minimum, 
and  that  this  curve  generally  does  not  correspond  with  the  rainfall  curve  (figs.  9,  10). 
Indeed,  at  Frankfurt,  Bremen,  lk»rlin,  and  Briinn,  the  highest  point  of  the  grounJ. 
water  is  in  the  spring  months  at  the  time  of  least  rainfall  (fig.  9).     The  yearly 
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curves  of  the  ground  water  are  much  more  regular  than  the  rainfall  crurve,  and  on 
the  whole  in  general  shape  they  most  resemble  the  annual  temperature  trurve  (fig. 
11).  The  reason  for  this  difference  is  the  simple  one  that  the  fluctuations  of  the 
ground  water  depen<l  not  only  on  the  absolute  amount  of  the  rainfall,  but  on  the 
quantity  that  reaches  the  zone  of  complete  saturation,  or  the  ground-water  table, 
ami  the  time  consumed  in  so  doing.  The  quantity  is  affected  by  many  factors, 
among  which  are  the  evaporation  from  the  surface  of  the  ground,  the  evaporation 
or  transpiration  from  plantt^,  the  (|uantity  retaine<l  in  the  soil  above  the  zone  of  satu- 
ration, an<l  the  amount  that  runs  directly  off  the  surface  without  ever  penetrating 
the  ground.  The  time  element  is  affected  by  the  porosity  and  moisture  content  of 
the  soil,  the  ctharacter  of  the  covering,  and  to  a  greater  or  less  extent  by  the  height 
of  the  soil  column.  The  general  result  is  that  the  water  is  delivered  gradually  to 
the*  zone  of  complete  saturation,  and  as  the  effects  of  single  rains  are  thus  generally 
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Fig.  11.— Aiimial  curvt's  ba>od  upon  mean  monthly  averages  of  ground-water  level  at  Bryn 
Mawr,  Pa.,«  and  ti-miKTuturo  and  rainfall  at  Philadelphia,  Pa.,fc  for  the  period  1886-1H95, 
Hhowing  the  general  resemblance  of  the  gronnd-water  and  temperature  eurves.  The 
exact  agreement  of  the  maximum  ground-water  level  and  the  maximum  temperature  is 
ununual. 

minifieil  an<l  often  entirely  blotti^l  out,  a  relatively  smooth  curve  results  (PI.  IX). 
This  yearly  period  of  the  gn)nnd  water  is  largely  due  to  the  i)eriodic  character  of  the 
evajKiration,  inclmling  j»lant  transpiration.  This  dejH»ndH  on  the  teni|)erature,  and 
the  net  result  for  the  year  is  a  simple  curve  of  the  same  shape  as  the  mean  tenijH^ra- 
ture  curve,  although  inversely  related  to  it,  lienee  the  general  resi'niblance  of  the 
yearly  well  curve  to  the  teiniM*ratiire  curve.  Were  the  rain  uniform  throughout  the 
year,  and  were  there  no  lag  <lue  to  transmission  or  unmelte<l  snow,  the  maximum 
RToand-water  level  would  occur  at  the  time  of  the  minimum  temiK»ratiire  and  satu- 
ration deficit  of  the  atmosphere,  or,  in  the  North  TemiK»rate  Zone,  in  January.  The 
effect  of  the  irregular  distribution  of  the  rainfall  is  to  change  the  time  of  the  occur- 
rence of  this  maximum.     A  uHKlerate  excess  of  rain  in  the  summer,  such  as  occurs 

"ObservationH  of  W.  R.  Auchiiuloss:  Waters  within  the  Earth  and  Law8  of  Rainflow,  1W7. 
^Observationji  of  U.  S.  Went  her  Hurean:  Annual  Summary  Pennnylvania  Climate  aud  CxQ^^TsVsft.. 
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at  Frankfiirt-am-Main,  Cannes  the  maximum  to  advance  to  March,  while  at  Bremen, 
Berlin,  and  Briinn,  where  the  difference  between  the  summer  and  winter  rainfall  is 
progressively  greater,  in  the  onler  named,  the  maxima  occur  respectively  in  March, 
April,  and  May  (fig.  9).  The  extremely  great  summer  precipitation  at  Munich  an<l 
Salzburg,  together  with  the  low  rainfall  in  January,  causes  the  maximum  at  those 
places  to  advance  to  July  and  August. 

In  this  connection  the  obserxations  of  (1)  Dickinson  ami  Evans,  (2)  Greaves,  and 
(3)  l^wes  and  Gill)ert,  near  Ix)n(lon,  are  of  great  interest.  All  of  these  olw^ervers 
endeavored  to  determine  the  amount  of  rain  actually  contributed  to  the  ground 


Fk;.  12.— Results  (if  Engli.-sh  i)C'rrolation  exi>criments.  In  the  Dickinson  and  Evans  ezperimente  the 
KiiRes  were  bnrie«l  in  thepnmnd:  one  wiis  fillet!  with  onlinary  Hertfordshire  soil  (a  sandy,  grav- 
elly loam)  iind  eovored  with  s<xi;  the  other  was  filled  with  chalk  and  covered  with  a  Ihln  layer 
of  soil  and  sod.  In  the  Liiwes  and  (Jillwrt  observations  columns  of  a  ratlier  heavy  loam  with 
elay  subsoil  in  their  natuml  state  of  consolidation  were  btiilt  in  with  brick  and  cement;  no  veg- 
elution  was  allowe<l  to  grow  on  the  gages,  which  were  surrounde*!  by  meadow  land.  Curves  are 
ba«ed  <»n  the  monthly  average-s  from  September  1,  1870,  to  August  81,  1902. 

water.  »ach  usi>d  vessels  with  impervious  sides  and  pervious  bottoms,  sunk  level 
with  the  surface  of  the  ground.  The  water  percolating  through  the  soil  columns  was 
coUecttMl  an<l  coinpariHl  with  the  yield  of  the  adjacent  rain  gages,  hi  the  case  of  the 
DickiiiHon  and  Kvans  and  the  Greaves  exiHjriments  the  lx>xes  were  filleil  with  mate- 
rial su])iK)8e4l  to  reprcHt'nt  the  average  soil  of  the  region,  in  both  cases  a  sandy  loam. 
In  the  Lawes  an<l  Gill)ert  exi>eriinenta  actual  blocks  of  soil  were  undermined  and  the 
results  represent  the  amount  of  rainfall  passing  through  a  heavy  l<>am  with  a  clay 
subsoil  in  its  natural  condition  of  ccmsolidation,  but  not  ('overe<i  with  vegetation.  The 
average  results  obtained  are  given  in  the  following  table  and  are  partially  shown  in 
a  graphic  manner  in  fig.  12. 
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Of  these  the  Lawes  and  Gilbert  results  are  perhaps  of  the  greatest  value,  because 
they  more  nearly  represent  the  normal  conditions,  and  they  extend  through  a  suffi- 
ciently long  period  to  obliterate  temporary  variations.  While  the  quantitative  values 
obtained  from  these  experiments  differ,  the  qualitative  results,  as  shown  by  fig.  12, 
are  essentially  the  same.  All  except  the  bare  sand  give  curves  of  the  same  character 
as  those  obtained  from  the  actual  observation  of  ground-water  fluctuations.  The  low 
percentage  of  water  which  passes  through  the  soil  in  sunmier  is  emphasized  by  all, 
as  is  also  the  greater  contribution  during  the  winter  months.  Even  in  the  bare  sand, 
where  the  water  sinks  at  once  and  so  Icjsefl  little  by  evaporation,  a  downward  tend- 
ency of  the  curve  during  the  ^»ummer  months  is  evident.  The  effect  of  the  heavy 
precipitation  in  the  fall  is  particularly  evident  in  the  Lawes  and  Gilbert  results  (fig. 
12),  where  it  clearly  hastened  the  time  of  occurrence  of  the  maximum  ground- water 
percolation  by  about  two  months. 

EFFECT  OF  DEPTH   OF    BOIL   ABOVE   ZONE  OF  COMPLETE  SATURATION  ON  TIME   OK  OCCUR- 
RENCE OF  YEARLY   MAXIMUM   AND   MINIMUM   OF  (iROUND-WATER  LEVEL. 

It  has  been  suggested  that  the  soil  above  the  ground-water  table  tends  to  destroy 
the  effect  of  single  rains  by  causing  the  water  to  be  delivered  gradually  to  the  zone 
of  complete  saturation,  whose  ui)per  surface  is  the  water  table.  In  the  case  of  the 
English  experiments  at  Kothamste<l  (I^wes  and  Cirilbert)  and  Hemel  Hempstead 
(Dickuison  and  Evans)  the  maximum  penx)lation  oi^curs  from  November  to  January, 
yet  the  water  in  the  wells  in  that  region,  while  commencing  to  rise  about  December, 
did  not  reach  its  maximum  elevation  until  March, «  a  delay  of  about  three  months. 
Yet  in  any  attempt  to  calculate*  the  rate  of  i)ercolation  from  these  data  two  difficul- 
ties are  encountered.  In  the  first  place  the  yearly  maximum  occurred  at  about  the 
same  time  in  this  region  in  wells  of  all  depths,  and,  furthermore,  the  Rothamsted 
results  (fig.  12)  show  no  very  important  difference  in  the  time  in  which  the  water 
is  discharged  through  20,  40,  and  60  inches  of  soil  so  far  as  it  relates  to  the  time  of 
oc^currence  of  the  yearly  maximum.  In  the  sci'ond  place  the  underground  water  is 
in  motion,  a  certain  amount  is  discharged  at  all  times,  and  the  amount  increases 
with  the  head.  The  case  is  not,  therefore,  the  simple  one  where  water  is  caught  in  a 
measuring  tulw,  as  in  the  jiercolation  exi)eriments  above  described,  but  the  water 
must  reach  the  ground- water  table  at  a  rate  greater  than  the  rate  of  the  outflow,  else 
no  rise  will  take  i)lace. 

At  AViener  Neustadt,  Austria,  a  similar  relation  has  lK*en  demonstrated  by  the 
ol)8ervations  made  between  1HH3  and  1895,  in  connection  with  the  Wiener  Neustadt 
deep-well  project  for  the  supply  of  Vienna.  ^  These  wells  are  in  a  valley  filling  of 
fluvio-glacial  material,  somewhat  irregular  in  character,  which  Suess  describes  as  a 
series  of  old  delta.«.  <*  The  wells  extend  from  Fisha  River,  a  spring-fed  stream,  soutli- 
westerly  along  the  Southern  Railway.  The  land  and  the  ground-water  table  beneath 
both  rise  gradually  in  this  direction,  but  while  the  water  table  is  at  the  surface  of 
the  ground  at  Fisha  River,  0}  miles  south,  at  St.  Agyden,  it  is  from  140  to  170  feet 
from  the  surface,  the  exact  depth  depending  on  the  time  of  year.  (See  section  at 
top  of  PI.  IX.)  The  curves  obtained  from  this  series  of  wells,  extending  roughly 
at  right  angles  to  the  slope  of  the  water  plane,  are  entirely  concentric,  and  the  maxi> 
mum  and  minimum  occur  at  the  same  time,  irresi)ective  of  depth  of  soil  above  the 
ground-water  Uihle.  It  would  seem  to  follow  from  these  data  that  no  very  satisfac- 
tory determination  of  the  rate  of  downward  i)ercolation  can  be  made  from  the  rela- 
tion of  the  time  of  greatest  jirecijiitation,  or  percolation,  to  the  time  of  maximum 


iClutttTbuok,  James.  Min.  Pro<'.  Inst.  Civil  EnR.,  vol.  2.  1S42,  p.  Ifi4>. 

^Berieht  des  AusMclmj58e.s  fiir  die  Wiifwerversorgung  Wiens:  OHterrelchischer  Ingenieur-  und 
Architekten-Verein,  1M*5. 

<•  Ibid.,  p.  32:  we  als<)  Bericht  \iberdie  F>rfolge  der  Wiener  Waj«»erhMtungs-CoininiKsion,  1864;  Karrer, 
F.,  Geologic  dcr  Franz  Jo»ephs-C|uellenleitung:  Abhandlungen  dor  K.-k.  geoUjgischen  ReichNan- 
Stalt,  1877. 


FLUCTUATIONS  DUE  TO  RAINFALL  AND  EVAPORATION.    85 

groond-water  leveL  The  rise  of  the  water  is  not  determined  by  the  simple  delivery 
of  water  to  the  zone  of  complete  saturation,  but  by  the  relation  of  the  water  so 
delivered  to  the  rate  of  outflow.  If  the  water  is  lowering,  a  certain  amount  is  con- 
sumed in  checking  that  tendency,  and  only  the  excess  over  the  outflow  is  available 
for  raising  the  ground- water  level.  Moreover,  in  several  carefully  observed  instances, 
the  depth  of  the  soil  above  the  ground  water  has  been  shown  to  have  no  effect  on 
the  time  of  occurrence  of  the  yearly  maximum. 

The  short-period  olyservations  on  Long  Island,  New  York,  during  the  summer  of 
1903,  how^ever,  gave  quite  different  results  from  those  obtained  at  Wiener  Ncustadt. 
The  conditions  <lo  not  appear  to  be  essentially  different;  the  glacial  sands  and  gravels 
of  the  south  plain  of  Ix)ng  Island  slope  gradually  to  the  ocean  and  in  a  similar  way 
the  valley  glacial  gravels  of  Wiener  Neustadt  slope  to  Fisha  River,  and  there  is 
apparently  no  great  difference  in  the  irregularity  and  complexity  of  the  l)edding. 
The  Wiener  Neustadt  or  Rteinfeld  Valley,  it  is  true,  is  traversed  by  a  large  river,  the 
Leitha,  whom?  stages  depend  on  the  conditions  affecting  its  headwaters  in  the  moun- 
tains, but  observations  have  shown  that  this  stream,  because  of  the  silted  character 
of  its  be<l,  affei'ts  only  a  few  wells  in  its  immediate  vicinity,  and  is  not  to  be  regarded 
as  a  disturbing  factor.  (Compare  the  river  stages  with  well  curves  on  PL  IX. )  On 
Long  Island  the  measurements  in  charge  of  Mr.  Walter  K.  Spear,  department  engi- 
n<*erof  the  commission  on  additional  water  8upply,«show<^l  that,  during  the  summer 
of  1903,  the  highest  stage  of  the  ground  water  occurred,  as  a  rule,  earlier  in  the  shal- 
low than  in  the  deeper  wells  (fig.  13).  Where  the  water  level  was  less  than  20  feet 
from  the  surface  the  highest  stage  of  the  ground  water  occurred  in  April,  while  where 
the  water  level  was  60  to  75  feet  below  the  surface  it  did  not  occur  until  August. 
The  increase  of  the  retardation  was  not  always  uniform.  Thus  the  highest  water  in 
a  35-foot  well  near  Jamaica  (No.  651)  occurred  in  May,  while  in  a  well  of  the  same 
depth  near  Deer  Park  (No.  388)  it  did  not  occur  until  August,  although  in  a  well 
near  Hicksville  (No.  237),  of  about  the  same  depth,  the  maximum  occurred  in  May. 
Wiiether  this  irregularity  is  typical  or  is  only  a  result  of  the  rather  peculiar  season 
in  which  the  measurements  were  made  could  be  determined  only  by  observations 
covering  a  jK'riod  of  years,  instead  of  months.  It  should,  however,  be  stated  in  this 
connection  that  along  the  south  shore,  where  the  Brooklyn  water  department  has 
olwerv^nl  shallow  welLs  for  several  years,  the  curve  for  1903  is  not  greatly  different 
from  that  of  pre<*ediiig  years,  indicating,  so  far  as  the  shallow  wells  are  concerned, 
that  the  year  is  not  t^)  be  regarded  as  an  abnormal  one  (fig.  15,  p.  39).  On  the  other 
hand,  the  results  are  8^^  at  variiuure  with  the  thirteen  years*  observations  at  Wiener 
Neustadt,  which  api)arently  cover  similar  conditions,  that  further  confinnation  of 
these  l>)ng  Island  ret-nlts,  by  additional  observations,  is  nl^e<lcd  before  any  conclu- 
sions can  l>e  drawn.  Certainly  the  Wiener  Neustadt  data  indicate  that  the  depth  of 
the  soil  above  the  ground-water  table  is  of  no  importance  in  determining  the  time  of 
occurrence  of  the  maximum  ground-water  level.  On  the  other  hand,  the  Long 
Island  observations  suggest  that  a  difference  in  thickness  of  60  feet  may  delay  the 
time  of  the  occurrence  of  the  maximum  level  four  months. 

The  curves  showing  the  result  of  the  Ix»ng  Island  work  indicate  further  that,  in 
the  soil  in  question,  ninglo  showers  frequently  produce  very  definite  effects  in  shallow 
wells,  and  that  such  effects  l)econie  less  as  the  dei)th  of  unsaturate<l  material  above 
the  water  table  increases.  Indeed,  in  the  wells  where  the  water  is  30  or  40  feet 
below  the  ground,  the  curves  are  relatively  smooth  or  the  variations  bear  no  evident 
relation  to  the  rainfall.  ^  Sjn^ar  has  attempted  to  trace  the  time  of  rise,  due  to  given 
showers,  from  the  shallow  through  the  deey>er  wells,  and  so  determine  the  rate  of 


a  Long  Island  wiurces:  Rfj)!.  Now  York  «'ity  Commission  on  Additional  Water  Supply,  1904,  appen- 
dix 7,  1*1.  IV,  incorrectly  iiiimlK-red  1*1.  VI.  p.  792, 

6 Many  of  the  wells  oi)sorved  by  the  commission  were  open,  dug  w^elle,  which  were  in  ilsc,  and  the 
minor  fluctuations  an-  partially  d\ic  to  this  cau^H?,  as  well  as  to  barometric  and  thermomctrie  changes. 
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downward  i)ercolation  or  downwarfl  capillary  flow.  Thore  are  certain  difliculti€«  in 
the  way  of  determining  the  value  soujjht  in  this  manner.  In  the  first  pla<'e,  the 
flnctuationfl  in  the  shallow  wells  can  not  Ik?  satisfactorily  correlated  with  thost*  in  the 
deep  ones,  and  the  only  line  which  can  l)e  followed  through  the  diagram  prejmred  by 
SjKjar  is  the  time  of  maximum  ground  water,  which,  as  in<Hcated  above,  in  this 
region  during  the  time  of  observation,  in  general  lags  proportionally  to  the  depth. 
Tills  gives  a  fairly  regular  curve  and  the  remaining  curves  have  been  inferred  on 
either  side  of  this  one.  The  yearly  maximum,  however,  can  scarcely  be  attributed 
to  a  single  rain,  but  represents  rather  the  culmination  of  a  whole  series  of  events, 
and  hence  can  not  be  used  as  a  basis  of  such  a  calculation. 

In  the  case  of  regions  like  Wiener  Neustadt  it  is  clear  that  the  results  from  calcu- 
lations of  this  character  would  have  no  meanfng,  and,  indeed,  what  do  the  values 
really  represent  on  Long  Island? 

IRREOULAR  8ECXJLAK  FLXTCTUATI0K8. 

The  observations  of  Dickinson  and  Kvans  and  of  I>awes  and  Gilbert  with  percola- 
tion gages  develope<l  the  fact  that,  as  a  rule,  not  only  did  more  water  percolate  in 
wet  than  in  <lry  years,  but  that  the  jK^rcentage  of  rain  water  which  passed  through 
the  soil  columns  was  usually  much  greater  in  wet  years  than  in  dry  ones.  Thus 
while  the  average  yearly  percolation  of  1870-1902  at  Rothamsted  (Lawes  and  Gil- 
bert) was  49  per  cent  of  the 

yearly  rainfall  of  28  inches,  in  ililiSi|S| 

the  year  1878-79,  when  40.2 
inches  of  rain  fell,  61  i)ercent 
of  the  rain  water  passed 
though  a  fioW  colunm  60 
in<!hes  high,  and  in  the  year 
1S77-78,  with  a  rainfall  of  18.2 
inches,  the  percolation  was 
but  36  i)er  cent  (see  i>.  47.) 
The  general  tendency  —  al- 
though there  are  excej)tional 
cases,  such  as  recorded  at 
Hemel  Hempstead  (Dickinson 
and  Evans)  in  1858-59,  when, 
with  a  rainfall  of  28  inches,  2 
inches  more  than  the  annual 
average,  the  percolation  was 
but  one-third  of  1  j>er  c(»nt 
instead  of  the  usual  27  per 
cent — is  for  the  small  differ- 
ences in  the  annual  rainfall  to 
have  a  rather  magnified  value 
in  the  ground-water  fluctua- 
tions. 

The  yearly  variations  of  the 
rainfall  are  generally  pro- 
gressive over  rather  long  i)eriods  (fig.  14),  and  corresi)onding  broad,  irregular  vari- 
ations of  the  ground-water  level  are  produce<l.  On  Long  Island  the  shallow  wells 
observed  by  the  Brooklyn  waterworks  show,  lje.*<ides  the  annual  fluctuations,  st»cular 
variations  corresponding  in  general  with  those  of  the  rainfall  (fig.  15).  Thus  the 
lowest  point  in  both  curves  is  in  HK)1  an<l  the  highest  in  18^H).  Many  differences 
are,  however,  to  be  noted  Ix^tween  the  two  curves.  The  annual  curve,  though  it 
may  l>e  slightly  nHwlified,  j)er8istently  recurs,  whatt^ver  the  rainfall.  Note  in  this 
connection  the  regular  downward  course  of  the  ground  water  in  the  lattat  ^xl  ^^ 
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Fig.  14.— Rc*sidual-mass  curves  of  rainfall  for  lx)ng  Island, 
N.  v.,  Newark,  N.  J.,  and  Philadelphia.  Pa.  (After  Spear, 
19(>4. )  The}«e  eiirvcj*  *«how  the  cumulative  excess  or  defi- 
ciency uf  the  total  actual  rainfall  over  the  total  mean 
rainfall  for  the  periods  under  consideration,  and  as  these 
excess  or  dcHciency  values  are  those  which  determine 
the  lonjf-pcriotl  rise  and  fall  of  the  ground  water  they 
indicate  the  general  character  of  the  secular  fluctuation 
of  the  ground  water  occurring  at  these  points. 
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1898  and  1903,  when  the  rainfall  cun'e  is  rising,  and  the  appearance  in  1900  of  a 
typical  yearly  curve  when  the  rainfall  curve  falls  rather  regularly  from  the  spring 
of  1899  to  1901. 

Siinilarly,in  the  Wiener  Neustadt  observations  (PI.  IX,  p.  62)  the  secular  vari- 
ations of  the  ground-water  level  broadly  follow  the  variations  of  the  rainfall. 

The  observations  of  Auchincloss «  on  a  well  at  Bryn  Mawr,  Pa.,  which  have  been 
plotted  by  Spear  ^  in  connection  with  the  yearly  rainfall  and  temperature  curves,  like- 
wise show  pronounced  annual  and  secular  tlnctuations.  Here,  however,  the  secular 
fluctuations  of  the  ground  water,  while  broadly  resembling  the  rainfall  variations, 
show  some  points  of  difference.  Thus,  the  minimum  of  the  secular  curve  of  the 
ground  water  is  in  1885-86,  while  the  minimum  rainfall  is  in  1887,  and  the  general 
shape  of  the  two  curves  for  1886-87  and  1888  is  by  no  means  parallel.  The  positions 
of  the  maxima,  however,  agree  closely,  and  there  is  a  general  falling  off  in  both 
curves  from  1889  to  1893-94.  Though  the  extreme  rains  of  the  latter  part  of  1889  tem- 
porarily obliterated  the  annual  curve,  it  (juickly  reasserted  itself. 

In  general  it  may  l>e  said  that  irregularities  in  the  yearly  curve  are  due  to  irregu- 
larities in  the  rainfall  occurring  in  the  same  year. 

▲KOTJNT  OF  AH:inJAL  AND  BECXTLAK  FLXTCTTXATIOK. 

The  size  of  the  annual  fluctuations  depends  j>rincipally  upon  (1)  the  percentage  of 
rainfall  reaching  the  ground  water;  (2)  the  amount  of  free  pore  space  of  thestratain 
the  zone  affected  by  the  fluctuations,  and  (3)  the  relation  of  the  ground-water  table 
to  the  topogriij)hy  of  the  region  involved. 

It  is  relatively  self-evident  that,  where  a  single  well  is  considereil,  the  range  of  the 
yearly  fluctuations  will  vary  with  the  first  factor,  and  that  in  general  the  same 
amount  of  infiltration  will  pnxluc^e  a  greater  fluctuation  where  the  pore  space  is  small 
than  where  it  is  large.  It  does  not,  however,  follow  that  in  a  given  region,  in  be<l8 
of  the  same  porosity,  the  same  annual  rainfall  under  the  same  climatic^  conditions 
will  pro<luce  the  same  rt^sults.  Observations  have  shown  that  whatever  the  rainfall 
or  porosity,  i>rovided  the  latter  be  reasonably  constant  in  the  area  under  considera- 
tion, the  annual  fluctuations  aj)proach  zero  at  the  j)oint  of  discharge  and  tend  to  reg- 
ularly increase  in  magnitude  from  that  point  to  the  ground-water  divide.  <"  Thus  at 
Wiener  Neu.stadt  (Pi.  IX,  p.  62),  near  the  ground- water  discharge  into  Fisha  River, 
where  the  depth  to  tlie  ground-water  table  is  about  5  feet,  the  yearly  fluctuation  is  3 
to  4  feet,  while  at  St.  Agyden  station,  where  the  water  plane  is  alxout  150  feet  from 
the  surfat^e,  the  fl  net  nation  is  25  to  30  feet,  and  the  fluctuations  in  the  intervening 
wells  are  j)roj)ortional  to  their  j)osition  l)etween  these  two  points.  On  Long  Island 
the  annual  lluctuation  2  miles  from  the  shore,  at  Millburn  (figs.  13,  15),  is  22  inches, 
while  at  the  ground-watrr  divide,  S  to  9  miles  from  the  south  shore,  the  fluctuation 
is  alxjut  10  feet.  A  few  observations  regarding  the  amount  of  the  yearly  fluctuation 
at  different  jjoints  have  been  collected  in  the  table  following.  Many  of  these  points 
of  observation  are  located  near  the  points  of  discharge,  and  the  values  as  a  whole 
are  to  be  regardcil  as  low. 

In  records  for  but  a  few  years  it  is  evidently  impossible  to  separate  the  annual  from 
the  secular  fluctuations.  When,  however,  the  observations  cover  a  considerable 
l)eriod,  it  is  possible  to  obtain  a  value  for  the  secular  fluctuation.  This  equals  the 
total  range  less  the  average  yearly  tiuctuation.  A  few  such  values  are  given  in  the 
table  on  page  40. 


aAuohincloss.  W.  S..  WhIcis  within  the  Earth  and  Laws<»f  Rainflow,  Philadelphia,  1897,  p.  9. 

''Spear,  Walter  E.,  Rei>t.  (^oinnussion  on  Additional  Water  Supply  lor  the  City  of  New  \ork,  19(M, 
apiK-ndix  7,  fig.  -15,  p.  822. 

*■  The  croRM section  Irom  Watford  to  the  Chllt<;rn  HiIIm  midway  between  Colne  and  (lade  rivers,  which 
aceompanics  Clutlerhuek's  diseiis.sion  of  the  "  l*eri<Mjio  Alt«*rnaiion.s  oi  the  ('halk  Water  Level  under 
U>ndon"  (Min.rroc.insi.  Civil  Eng.,  vol.9, 185u,  I'l.  VI),  is  a  most  excellent  diagrammatic  illUMtration 
of  this  principle. 
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FLUOTUATIOKB  DUE  TO  8IK6LE  SHOWERS. 

In  the  foregoing  con8i<leration  of  the  relation  of  the  rainfall  to  secular  and  annul 
fluctuations,  the  most  important  factor  was  clearly  the  amount  of  water  actuallj 
contributed  to  the  zone  of  complete  saturation,  or  the  ground  water.«  In  these  cues 
the  water  table  rises  or  falls  because  the  amount  of  water  received  is  greater  or  len 
than  the  outflow. 

In  the  consideration  of  single  showers,  however,  it  is  found  that  another  factor  i« 
of  as  great  or  even  greater  importance.  Single  showers  may  affect  the  water  level  in 
a  well  in  two  ways:  (1)  By  transmission  of  pressure  without  any  actual  addition  to 
the  ground  water — indeed,  in  many  cases  the  elevation  of  the  water  in  the  well  is 
accompanied  by  an  actual  depression  of  the  ground-water  table;  (2)  by  an  actual 
contribution  to  the  ground  water  whereby  the  level  of  the  water  table  is  raised. 

FLUCTUATIONS   PRODUCED   BY  SHOWERS   BY  TRANSMITTED   PRESSURE   WITHOUT  ANY 
INCREASE   IN   THE   GROUND   WATER. 

King  observed  at  Madison,  VVis.,^  that  the  water  often  rose  in  wells  very  suddenly 
an<l  sharply  during  summer  rains,  when  an  investigation  of  the  soil  showeil  that  it 
was  dry  beneath  the  surface  covering  wet  by  the  showers.  Similar  occurrencM 
were  recorde<i  at  Lynbrook,  N.  Y.,  where  in  a  2-inch  well  14  feet  deep  every  rain- 
during  the  period  of  observation,  July  17  to  September  10 — was  recorded  and  its 
duration  and  complexity  indicated.  Many  of  these  fluctuations  produce  no  perm*- 
nent  deflection  of  the  ground-water  curve  and  the  evidence  that  no  water  from 
several  of  these  rains  reaithed  the  ground  water  is  regarded  as  conclusive  (PI.  VI; 
also  note  particularly  the  behavior  of  the  shallow  well  August  UK21  and  the  flocto- 
ations  produced  by  rains  of  July  20,  22,  30,  and  August  6;  the  two  successive  showen 
of  August  6-7  are  jwirticularly  noteworthy). 

Jn  the  case  of  wells  which  are  not  separated  from  the  main  water  table  by  iInpe^ 
vious  layers  and  in  which  the  water  is  not  under  artesian  pressun*,  this  is  due  laqjely 
to  the  hydrostatic  transmission  of  j)res8ure  by  means  of  the  soil  air.  When  the  rain 
strikes  the  surface  it  cU)ses  the  superficial  soil  i)ores  or  interstices  and  thus  confined 
and  compresses  the  air  in  the  soil  between  the  surface  and  the  ground-water  tabic 
The  weight  of  the  rain  is  thus  transmitted  to  the  gn)und-water  table,  and  the  extn 
head  so  developed  raises  the  water  in  wells  and  increases  the  discharge  at  the 
ground-water  outlets.  The  effect  on  the  stream  flow  is  very  analogous  to  the  increase 
produced  l)y  a  lowering  of  the  barometric  pressure.  It  is  thus  possible  for  a  rain  to 
produi^e  instantly  a  change  in  the  water  level  in  wells  and  an  increase  in  the  ground- 
water outflow  without  contributing  a  <lrop  to  the  ground  water.  This  has  an  iinpo^ 
tant  l)earing  on  the  calculation  of  "flood  flows"  from  ground-water-fed  streams,  for 
it  is  evident  that  in  tliis  manner  a  (lcci<led  rine  in  the  streiim  may  be  produced  by  a  I 
rain  from  which  there  is  no  direct  run-off  and  which  does  not  reach  the  ground-water  I 
table.  I 

Two  other  factors  may  be  involved  in  the  production  of  the  change  in  level  durintc 
rains:  (1 )  An  actual  elastic  compression  or  pla^^tic^  deformation  of  the  soil,  and  (2)  a 
change  in  the  capillary  conditions.  King  observed  in  a  shallow  well  near  a  railroad 
track  that  the  passage  of  a  freight  train  caused  a  quick  rise  and  fall  of  the  water  in  the 
well  ( p.  75).  Apparently  the  weight  of  the  train  compressed  the  earth  and  by  decreas- 
ing the  pore  space  caused  the  water  to  rise.  The  weight  of  the  rain  might  haves 
similar  effect.  Under  this  hy[)othesis  the  water  would  rise  on  the  addition  of  the 
rain  and  gradually  fall  on  its  removal  by  evaporation. 

"Ground  water  ii-s  hero  u.se«l  does  not  indudo  the  hygroscopit*  and  cnpilhiry  water  above  the  water 
table,  or  zone  of  complete  saturation.  For  the  purpKXse  of  this  disrussion,  water  is  not  eonsideried 
"Kro'ind  water"  until  it  rearhes  the  water  table. 

6 Bull.  U.  S.  Weather  Bureau  No.  5,  18^2,  pp.  20,  72-73. 
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Regarding  the  second  hypothesis  it  is  well  known  that  changes  in  the  surface  con- 
itions  greatly  affect  the  capillary  action  of  the  soil.  At  Purdue  University  it  was 
Dund  that  the  addition  of  a  thin  layer  of  soil  to  the  surface  of  a  lysimeter  caused  an 
[nmediate  discharge  of  water. <>  This  was  attributed  to  a  change  in  the  capillary 
onditions,  and  it  has  been  suggested  that  the  wetting  of  the  ground  surface  would 
•rodufe  a  similar  effect.  King,  however,  observed  *  that  a  moderate  wetting  of  the 
urfa(?e  tended  to  increase  the  upward  percolation,  and  the  effect  of  wetting  the  sur- 
ice  at  Lynbrook  would  therefore  be  to  diminish  rather  than  increase  the  rise  due  to 
ains  which  do  not  contribute  to  the  ground  water. 

At  the'Colorado  experiment  station  Headden  has  observed  <^  that  light  rains  during 
Iry  periods  produce  a  comparatively  great  increase  in  the  height  of  the  water  plane, 
rhile  in  intervals  of  abundant  moisture,  when  the  soil  is  wet,  rains  of  this  character 
10  not  produce  such  an  increase;  moderate  rains  are  here  sometimes  accompanied 
>y  temporary  depressions  of  the  water  plane.  These  observations  may  be  explained 
in  the  basis  that  the  soil  air  is  the  principal  factor  and  that  when  the  soil  is  very 
noigt  there  is  so  little  soil  air  that  no  effect  is  possible  with  slight  showers.  The 
aiuee  of  the  temporary  depression  after  moderate  rains  is  not  evident  unless  the  con- 
litions  are  unfavorable  for  the  transmission  of  pressure  by  the  soil  air,  but  are  such 
;hat  the  increased  upward  capillary  action  resulting  from  the  moistening  of  the  sur- 
ace  is  sufKcient  to  perceptibly  decrease  the  ground  water. 

Where  there  is  an  impervious  layer  between  the  water-bearing  strata  and  the 
oca!  groimd- water  surface,  and  where  there  is  artesian  pressure,  the  added  weight 
iue  to  the  rainfall  in  all  cases  acts  directly.  In  case  the  rain  is  uniform  over  a  con- 
nderable  area  this  pressure  may  be  regarded  as  acting  on  an  elastic  body  and  the 
ame  character  of  results  is  to  be  expected  in  both  deep  and  shallow  wells.  Thus  in 
-he  Lynbrook  wells  on  July  22  and  August  25  all  wells  show  a  sharp  vertical  rise 
PI.  VI).  On  July  22  the  rise  started  in  the  14-foot  well  at  10  p.  m.,  in  the  72-foot 
veil  at  10.25,  and  in  the  504-foot  well  at  10.34;  on  August  26  a  somewhat  similar  lag 
8  noted,  the  14-foot  well  rising  at  4.10  p.  m.,  the  72-foot  well  at  4.20,  and  the  504- 
oot  well  at  4.24.  The  cause  of  this  lag  is  not  fully  apparent.  With  a  direct  trans- 
niseion  of  pressure  such  as  the  curve  indicates  no  lag  is  to  be  expected.  It  may  be 
■hat  in  this  case  the  soil  is  to  be  regarded  as  having  some  of  the  plastic  characters 
iho^^-n  in  other  cases. 

On  the  other  hand,  when  the  rainfall  is  unequally  distributed  in  time  and  amount 
I  plastic  deformation  may  result,  due  to  unequal  loading,  which  will  give  rise  to 
different  results  in  wells  of  different  depths.  In  the  shallow  well  the  zone  of  influ- 
ence is  relatively  limited  and  the  condition  in  this  area  may  be  regarded  as  fairly 
oniform.  The  result  is  therefore  immediate  and  abrupt,  as  in  the  first  case.  In  the 
deeper  wells,  however,  the  increasing  zones  of  influence  bring  in  more  factors,  which, 
arriving  progressively  from  different  sources,  tend  to  produce  a  more  and  more 
gradual  change.  Thus,  in  the  Lynbrook  wells  there  were  on  August  6-7,  11,  and  20 
abrupt  changes  in  the  14-foot  well  and  a  more  gradual  one  in  the  72-  and  504-foot 
wells. 

This  plastic  deformation  in  the  surficial  beds,  produced  by  varying  load  and  the 
response  of  the  water  to  it,  throws  some  light  on  the  extreme  complexity  of  the 
fluctuation  recorded  in  the  wells,  for  it  suggests  that  variation  in  load,  from  whatever 
■ause,  will  produce  corresponding  fluctuations.  The  water  level  in  deep  wells  where 
m  artesian  head  is  developed  may  thus  be  very  sensitive  to  local  conditions,  the 
jffect  of  local  rainfall  and  of  the  yearly  fluctuations  of  the  local  ground-water  level 
mng  felt  to  a  greater  or  less  degree  by  transmitted  pressure  in  the  deeper  zones. 


a8e<.*ond  Ann.  Kept.  Indiana  Kxpt.  Station,  1889-90,  pp.  32-38. 

^Seventh  Ann.  Rept.  Wiaconsin  ARric.  Expt.  Station.  1890,  p.  li^. 

^Headden,  William  P.,  A  Hoil  study,  pt.  4,  The  ground  water:  Bull.  Colorado  Agric.  ExpL  Station 

o.  72,  1902. 
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FLUCTUATION    OF    THE    O BOUND-WATER    LEVEL    RESULTING    FROM    SINGLE    SnOWEBS,  IT 

ACTUAL   l*ElttX)LAT10N. 

Tlie  fluctuations  produced  by  direct  percolation  are  of  a  much  lees  abrupt  chl^ 
acter  than  those  just  described;  indeed,  it  is  usually  the  case  that  the  water  is  deliv- 
ered so  p^radually  to  the  water  table  that  no  change  is  noticed.  Only  in  the  shallov 
wells  in  (X)ar8e  material  can  these  fluctuations  be  identified,  except  in  the  cases  of 
extraordinary  rains,  when  the  result  is  an  irregularity  of  greater  or  lees  importance 
on  the  regular  annual  ground- water  curve. 

On  Long  Island  the  shallow  wells  near  the  south  shore  are  affected  by  most  of  tbe 
important  rains,  although  part  of  the  fluctuations  recorded  are  of  the  character  jmt 
described.  (See  figs.  13,  15.)  This  is  due  to  the  coarseness  of  the  surficial  mate 
rial  and  to  the  nearness  of  the  water  table  to  the  surface.  In  the  wells  in  which  the 
ground  water  is  farther  from  the  surface  the  effect  of  any  rain  can  not  be  podtivelj 
identified.  In  the  Wiener  Neustadt  records  the  effect  of  single  rains  is  entiielj 
obliterated  (PI.  IX),  and  in  long  observations  of  the  chalk  waters  of  England  tbe 
general  rule,  to  which,  of  course,  there  are  exceptions  where  lai^  undei^groond 
caverns  are  concemeii,  is  that  the  water  is  delivered  very  gradually  to  the  grooad- 
water  table. 

PSROSHTAOI  OF  RAIHFALL  OOVTSIBUTSD  TO  THB  QWOJJm  WATSR. 

METHODS  OF   ESTIMATION. 

In  connection  with  this  discussion  of  the  fluctuation  of  the  water  level  it  may  ii<3t 
be  inappropriate  to  take  up  the  allied  question,  to  which  reference  has  been  made  ^ 
several  points,  of  the  percentage  of  rain  contributed  to  the  ground  water. 

Estimates  of  this  chara<*tcr  have  been  made  by  three  methods — (1)  by  means  <^ 
the  lysimeter,  (2)  by  strwmi  dist^harge,  and  (3)  by  changes  in  the  level  of  tb* 
ground  water. 

KSTIMATION  OF  PERCOLATION  BY  MKAN8  OF  LYBIMETBB8. 

By  the  lysimeter  inctlKKl  the  rain  water  passing  through  a  column  of  soil  in  fiel*^ 
conditions  is  inea*jurt^l  directly.  The  gage  used  for  this  purpose  consists  of  * 
vessel  with  imiKTvions  sides  and  a  i)erviou8  bottom,  filled  with  the  soil  to  be  teste<J» 
and  burio<l  so  that  tht*  surface  of  the  soil  in  the  gage  is  at  the  same  level  aslhewi^ 
rt)un(ling  ground.  The  discharge  through  the  pervious  bottom  of  the  vessel  is  col" 
looted  by  a  cone  and  conducteil  by  a  small  tube  to  the  measuring  gages.  In  the  early 
forms  of  the  apfwiratns  usimI  by  Dalton,  17%,  and  Dickinson,  1835,  surface  outlets 
wore  provided  to  discharge  the  excess  rainfall,  but  these  were  abandoned  when  i*^ 
was  found  that  on  the  level  surface  of  the  gage  there  was  no  surface  run-off. 

Many  observations  have  been  niiule  along  this  line,  and  while  the  results  for  lon^ 
peri(><ls  dearly  have  a  jj:reater  value  than  those  for  short  periods,  some  of  these  short^ 
period  values  have  \)evn  includeil  in  the  table  on  the  following  page  for  the  purposof 
of  comj)arison. 

Lysi meter  results  have  V)een  subjected  to  considerable  criticism,  and  very  differing 
views  oxpresscHl  regarding  their  value.  It  has  been  suggested  (1)  that  the  material 
in  the  gage  is  not  in  the  natural  condition  of  consolidation,  and  that,  therefore,  the 
results  are  too  high;  (2)  that  the  underdrainage  necessary  to  collect  and  carry  the 
water  from  the  ba.se  of  the  soil  column  to  the  measuring  tul)e  introduces  an  unnatural 
condition  whereby  the  n^sults  are  too  low;  (3)  that  the  surface  run-off  factor  is 
surpres8e<l  and  the  results  are  too  high. 
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The  objection  regarding  consolidation  is  well  taken,  thongh  it  clearly  does  not 
apply  to  the  results  at  Rothanisted,  where  natural  soil  columns  were  used,  and  when 
very  high  results  were  obtained,  or  to  other  gages  after  the  first  few  years,  daring 
which  the  soil  has  settled.  In  the  Hemel  Hempstead  experiments  the  percolatkn 
between  1835  and  1843  was  42.5  per  cent  of  the  rainfall,  while  in  the  period  1835  to 
1853  it  was  but  35  per  cent,  a  decrease  which  is  perha()6  due  in  part  to  the  gradnsl 
compacting  of  the  soil,  though  it  is  also  affected  by  the  varying  rate  of  percolation, 
for  it  must  be  remembered  that  the  amount  of  percolation  depends  more  on  the  time 
at  which  the  rain  falls  and  the  madner  in  which  it  is  distributed  than  on  the  actoil 
amount. 

Regarding  the  unnatural  condition  introduced  by  the  method  of  drainage,  it  h« 
been  suggested  on  the  one  hand  that  the  lower  part  of  the  soil  column  is  thus  expend 
to  evaporation,  and  that  not  only  is  there  a  loss  in  this  manner  not  accounted  for  hj 
the  measuring  gage,  but  that  the  dry  condition  of  the  haaal  layer  would  retard  the 
percolation  to  a  measureable  extent  and  increase  the  loss  by  evaporation  from  the 
surface  of  the  ground.  Ebermcyer  has  shown,  however,  that  with  small  lysimeten 
the  lower  x)ortion  of  the  soil  column  is  daini)er  than  normal,^'  and  he  proposed  to 
remedy  this  by  constructing  larger  gagen.  These  defects  are  clearly  ones  of  con- 
struction which  it  is  inissible  to  reme<ly.  At  Kothamsted  essentially  the  same  rewilti 
were  obtained  from  soil  columns  20,  40,  and  60  inches  high  (fig.  12),  showing  con- 
clusively that  in  this  ciise  the  natural  conditions  were  not  essentially  disturbed. 

Indeed,  it  is  Ix^lieved  that  carefully  conducto<l  lysiineter  observations,  extending 
over  lung  pericMis,  such  as  are  represenUMl  by  the  Dickinson  and  lHvans  and  the 
l^awes  and  Gilln^rt  exiHjriments,  give  very  imix)rtant  values  bearing  on  this  question, 
the  l^wes  and  (iilbert  results  l>eing  jmrticnlarly  inii>ortant  and  trustworthy.  They 
indicate  that  in  the  climatic  (condition  of  middle  England,  with  28  inches  of  rainfall, 
half  of  the  niinfall  is  contributed  to  the  ground  water  through  a  rather  heavy  wii 
not  covered  with  vegetation,  and  half  of  it  evaporated.  If  the  rainfall  is  greater,  the 
percentage  iiicreaHcs,  if  less,  it  decrejist^s.  Had  the  ground  l)een  covered  with  leaves^ 
straw,  or  similar  matter  the  percolation  would  have  been  greater;  if  covered  with 
growing  vegetation,  less.  I^wcs  and  (lilbert  estimate,  from  their  observations  on 
plant  transpiration,  that  in  this  region  2  incrhes  per  year  would  represent  the  plint 
trannpiration  in  the  area  of  downs  and  vfOfiU*.  land,  where  there  was  very  little  vege- 
tation, while  with  a  heavy  grass  or  mangel  crop  it  would  amount  to  7  inches  or  more. 
The  average  for  the  whole  region  was  estimated  at  A  to  4  inches.  This  would  make 
the  i)ercolation  for  soil  of  this  character,  in  the  case  of  downs  and  waste  land,  43  per 
cent;  for  the  avt'rage  mid-England  district,  39  i)er  cent,  and  for  land  covered  with 
heavy  gras8  or  mangel  crop,  25  per  cent  or  less. 

It  should  be  noted  in  this  connection  that  while  the  most  of  these  observatioiM, 
inclu<ling  those  at  Kothamsted,  were  made  in  connection  with  agricultural  investi- 
gations, the  Ilemel  Hempstcarl  and  I^»e  Bridge  ((ireaves)  exi>erimenta  were  made 
for  engineering  purposes.     Tlie  Ilemel  Ht'inpstt^ad  ol)servations  were  undertaken  by 
a  pai)er  manufacturer,  dependent  on  the  water  power  of  a  spring-fed  stream.    He 
argae<l  that  stream  flow  depended  on  the  amount  of  water  which  i>ercolated  through 
the  soil;  that  measurements  of  this  quantity  would  indicate  the  stream  fiow  to  be 
exi)ecte<l  during  the  following  siininier.     It  is  stilted  that  he  found  that  the  indica- 
tions of  the  gage  during  the  vvintvr  enabled  him  to  calenlate  the  supply  of  water  tiooQ 
the  strciim  during  the  ensuing  season,  that  he  had  always  found  the  indication  per- 
fectly reliable,^  and  that  he  was  accustomed  to  regulate  the  volume  of  the  ordcf* 
accepte<l  for  the  summer  sea-^on   hy  the  indication  of  the  gage  for  the  preceding 
winter.  <^    Clutterbuck  adds,  though  the  relation  is  clearly  more  of  a  qualitative  tti^* 


aRo|X)rte<l  by  R.  H.  Scoil.  Jour.  Roval  Aprir.  S<k"  .  W  ser..  vol.  17,  luSl,  pp.  66-67. 
OMin.  Froo.  Inst.  Civil  Kng  ,  vyi.  2,1842.  p.  168. 
clbid.,  p,  157. 
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a  quantitative  one,  that  the  rise  in  level  of  the  water  in  the  wells  in  that  region  is 
found  to  coincide  with  the  readings  of  the  Dickinson  gages. » 

The  lysimeter  certainly  furnishes  a  very  direct  and  exact  means  of  determining  the 
amount  of  water  contributed  to  the  ground  water  at  any  given  point.  The  principal 
objection  to  it  is  that  the  block  of  soil  tested  is  not  necessarily  representative  ol  the 
whole  area  under  investigation. 

Somewhat  similar  experiments,  having  for  their  object  the  determination  of  the 
evaporation  from  plants,  have  been  conducted  by  many  agriculturists  in  this  country, 
notably  by  King,  ^  by  means  of  tanks  which  can  be  lifted  from  the  ground  and 
weighed.  This  method  is  not  so  applicable  to  the  amount  of  water  contributed  to 
the  ground  water  as  is  the  lysimeter  type  used  above,  for  the  results  are  less  direct, 
the  percolation  being  inferred  from  the  evaporation  generally  under  more  artificial 
conditions  than  with  the  lysimeter. 

ESTIMATION  OP  PERCOLATION  PROM  THB  8TBBAM  DI8CHARGB. 

The  favorite  method  of  estimating  the  evaporation  of  a  given  drainage  basin  is  to 
subtract  the  stream  discharge  expressed  in  inches  of  rainfall  over  the  drainage  t)asin 
from  the  average  rainfall.     Thus  it  is  assumed  that — 

Rainfall — Stream  discharge  =  Evaporation. 

The  stream  discharge  is  composed  of  ( I )  the  rain  water  which  -flows  into  the  drain- 
age channels  without  penetrating  the  soil— this  is,  strictly  speaking,  the  run-off,  but 
as  this  word  is  now  by  common  consent  used  for  the  whole  quantity  of  water  dis- 
charged by  the  river,  this  contribution  may  be  somewhat  arbitrarily  referred  to  as 
the  fiood  flow;  and(2)thewater  which  after  a  greater  or  less  journey  through  the  earth 
returns  to  the  surface — this  may  be  called  the  spnng  or  ground- water  flow  of  the  river. 
It  has  been  assumed  that  the  ground-water  flow  of  a  river  is  its  low-water  flow  and 
that  any  excess  of  this  quantity  can  be  regarded  as  flood  flow.  This  is  far  from  k)eing 
a  general  fact.  As  the  height  of  the  ground-water  table  increases  the  stream  dis- 
charge also  increases,  and  it  is  possible  to  have  high  and  low  waters  dependent 
entirely  on  the  fluctuation  of  the  ground-water  discharge.  In  streams  which  cut  the 
ground-water  table  and  are  clearly  ground-water-led  streams,  such  as  those  on  Long 
Island,  a  rise  in  the  ground-water  table  changes  the  position  of  the  head  of  the  stream, 
and  by  thus  increasing  both  the  head  and  the  area  of  discharge  greatly  increases  the 
stream  flow.  The  total  range  of  the  ground-water  table  near  the  coast  is  much  less 
than  near  the  ground- water  divide,  and  the  discharge  during  periods  of  high  ground- 
water level  may  therefore  l>e  disproportionate  to  the  changes  in  level  recorded  by  the 
wells  near  the  coast.  Because  of  these  great  changes  in  the  area  of  the  discharge  and 
the  relatively  free  flow  of  the  surface  water,  it  otten  happens  that  the  fluctuations  of 
the  stream  height  m  the  lower  part  of  the  stream  are  greater  than  the  changes  in  the 
level  m  wells  in  the  same  region. 

Heavy  rams,  with  no  surface  run-off,  may  likewise  pro<luce  sudden  and  consider- 
able rises  by  increasing  the  spring  flow  by  transniitte<l  pressure  m  the  manner 
tleacribed  above  (p.  42).  In  the  14-foot  well  at  Lynhrook  (p.  23),  Ixjsides  the  sud- 
den rises  reconle<l  for  every  rain,  the  water  four  times  during  the  period  of  observa- 
tion rc»8e  above  the  surface.  In  the  first  instiince  the  water,  much  to  the  amazement 
of  the  ot^server,  gushed  over  the  top  of  the  pipe  a  few  minutes  after  the  shower  l^egan, 
and,  while  after  the  pipe  was  raised  this  did  not  occur  again,  the  records  show  that 
on  several  occasions  the  water  rose  higher  than  the  ground  surface.  There  appear, 
then,  to  be  great  and  almost  insurmountable  difficulties  in  the  way  of  the  satisfactory 
separation  of  the  stream  discharge  into  spring  or  ground-water  flow  and  flood  flow. 

"Min.  Proc.  Inst.  Civil  Eng.,  vol.  9,  pp.  153.  156. 
,oL*nn.  Repts.  Wisconsin  Agric.  Expi.  Station ,  1892,  pp.  91-100.  1893,  pp.  16'2-169,  1894,  pp.  240-280; 
»»7,  pp.  228-281. 
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It  is  the  belief  of  the  writer  that  in  the  eastern  United  States  the  portion  of  the  total 
stream  flow  attributiHi  to  jrroiind-water  contributions  is  commonly  greatly  under* 
estiniate<l. 

On  lA>ng  Island  Spear,  from  a  comparison  of  the  hydrographs  of  several  of  the 
streams  near  the  south  shore  with  the  fluctuation  in  neighboring  wells,  has  con- 
cludtnl  that  of  the  total  stream  discharge  but  57  per  cent  is  spring  or  ground-water 
flow.«  Tliis  is  an  extremely  low  value,  and  from  a  consideration  of  the  various  factors 
involveti  it  is  Ixslieved  that  90  |>er  cent  is  much  nearer  the  true  value.  On  this  buis 
the  flood  flow  is  but  3  or  4  }>er  cent  of  the  yearly  rainfall. 

In  the  simple  equation,  liainfall  -Stream  flow=Kvaporation,  no  a(xx>unt  is  taken  of 
the  underflow,  it  being  assumiMl  that  all  the  ground  water  is  retume<l  to  the  stream 
above  the  point  at  which  the  measurement  is  made,  an  assumption  which  is  far  frum 
corre<*t.  The  result  of  this  is  to  give  to  the  evaporation  a  value  just  as  much  in  excea 
of  its  true  value  iis  there  is  loss  by  underflow^  Thus  on  l>ong  Island,  where  the  percjo- 
latioii  is  perhajM  (K)  i>er  cent  of  the  rainfall,  the  estimate  of  S])ear  ^  gives  the  total  nor- 
mal stream  disi*haige  as  33  jHjr  cent  of  the  rainfall,  and  the  estimates  of  the  Brooklyn 
water  de])artineiit  are  still  lower.  This,  according  to  the  al)ove  formula,  would  give 
a  loss  by  evai»oration  of  07  }>er  cent,  when  it  is  actually  alK>ut  40  iwr  cent.  It  niay 
be  assumed,  however,  except  in  n»gions  deeply  covertnl  with  loose  sufK^rficial  mate- 
rial, such  as  I>ong  Island,  that  the  loss  by  underflow  is  less  than  the  excess  by  flood 
flow,  and  that  the  total  stream  flow  represents  a  quantity  slightly  larger  than  the 
percolation.  With  thi?  in  mind,  some  idea  of  the  amount  of  percolation  can  be 
obtained  from  the  following  values: 

lialnfaU  and  run-<tff  of  dmimige  hasinn  in  the  United  SlaUtt, 


DraintiKi'  l>a.siii. 
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Ncshaminy  Crt'ck.  \'n 

8ii(Ibiiry  Rivor,  Mu.sh 
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in  tlii.s  table  tin*  larjje  loss  by  iiiulcrllow  in  tlu*  MiKskin^iiiii  and  <ienesee  drainage 
l)a>«inH  is  evident. 

t>TlMAT10N   OF   I'KKCoLATIoN    FU(»M   <  HANGhIM   IN    LKVhL  <»K  TMK  (.lUdND-WATKR  TABLK. 

The  broa<k'r  ami  more  iiniM)rtaiit  lltu'tiiations  of  tlic  ^round-watrr  table  are  clearly 
due  to  the  inliitratinn  »)f  water,  and  attempts  have  been  nia<le  n'pt'at«Mlly  to  estiiuate 


«•  Rept.  New  York  City  Conimi»ion  on  Atldiliunal  Water  Sunplv,  190^1,  i».  8-29. 
frlbid..  p.  790. 
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the  amoantof  infiltration  by  the  rise  iuthe  ground  water.  After  having  determined 
the  available  pore  8pace,  which  is  by  no  means  a  simple  matter,  it  appears  very  easy 
to  calculate  the  amount  of  water  which  will  cause  the  water  level  to  rise  a  few  inches 
or  a  few  feet.  The  method  is  an  attractive  one,  with  an  appearance  of  exactness  and 
simplicity,  and  has  often  lx?en  tried.  The  results  have  very  little  meaning,  however, 
for  the  very  important  reason  that  the  same  rainfall  under  the  same  climatic  condi- 
tions will  produce  very  different  rises  in  material  of  the  same  porosity;  for,  as  pointed 
out  previously  (p.  38),  the  amplitude  of  the  fluctuation  iniTeases  with  the  distance 
fn>m  the  groimd-water  discharge.  Thus,  with  material  of  the  same  porosity,  an 
annual  rainfall  of  25  inches  prodmres  at  Wiener  Neustadt  a  fluctuation  in  one  well  of 
1  foot,  and  in  another  a  fluctuation  of  25  feet  (PL  IX).  It  is  evident  that  a  calcu- 
lation of  inflltration  Imsecl  on  the  rise  of  water  produced  in  well  No.  1,  will  give  very 
different  values  from  that  of  No.  2,  and  yet  it  may  be  confidently  asserted  that  the 
same  amount  of  j)er(!oIati<>n  is  re*-eive(l  in  both.  Similarly,  in  the  chalk  n»gion  of 
England,  the  fluctuation  in  the  name  n»gion  ranges  from  a  few  inches  to  50  or  100 
feet.  The  impossibility  of  accurately  calculating  the  amount  of  i>ercolation  from  the 
rise  of  the  ground-water  table  is  evident. 

KEFEBEHGE8  RELATIHO  TO  WELL  FLTrCTXrATIONS  DUE  TO  SAIHFALL  AKD  EYAPOBATIOir. 

The  bibliography  relating  to  fluctuations  of  water  in  wells  due  to  rainfall  is  natu- 
rally very  extensive,  and  an  attempt  has  l)een  made  to  willect  a  few  only  of  these 
titk^s,  important  either  for  their  general  bearing  or  their  8i)ecial  reference  to  the 
Unit4^1  States: 
Ai'CHiNrLOHS,  W.  S.    Watrrs  within  the  Kiirth  and  Laws  <>f  Rainflow,  Philadelphia,  1897. 

Give«  record  of  thu'tiiatloiiHlii  well  at  Bryn  Mawr,  Pa.,  1886-1H95,  showing  annual  and  Hecular 
lluctiiationH. 
Barbovr,  Erwin  Hinckley.     Water-Sni).  and  Irr.  Pajwr  No.  29,  U.  S.  Geol.  Sur\'ey,  1899,  p.  28: 
Nebra.<4ka  Geol.  Hurvey,  Kept,  of  State  Geologist,  vol.  1,  1903,  p.  106. 

States  that  welln  in  Nebroixka  show  an  annual  fluctuation  independent  of  the  rainfall,  with  the 
maximum  occurring  in  F'ebninry. 
Ci.iTTERBUCK,  J  AMES.    Observations  on   the  peri<Klic   drainage  and   replenishment    of  the  sub- 
terraneous reser\'oir  In  the  chalk  basin  of  I»ndon:  Min.  Proc.  Inst.  Civil  Eng.  [vol.  2J,  18i2, 
pp.  ir>.V165;  1W3.  pp.  15(v-ir,9. 

On  the  jwriodic  alternations  and  progressive  permanent  depression  of  the  chalk-water  level 

under  London:  Min.  Pnx!.  Inst.  Civil  Kng.,  vol.  9,  IH-W,  pi».  151 -ISO,  PI.  VI. 
Emf.rv,  Frank  E.    Notes  on  fluctuations  in  height  of  water  in  an  unust^l  well:  Eighth  Ann.  Kept. 
New  York  Agrie.  Expt.  Station  for  1HM9.  1H90,  pp.  374-37.'>,  fig. 

Kecords  monthly  ol)servations  from  DecemU-r,  18H*'.,  to  DecemlnT,  1889,  on  a  40-f(M>t  well  at 
Geneva,  N.  Y.,  which  shows  a  single  yearly  perlcnl  independent  of  the  niinfall. 
FuRTiKR,  SAMrEL.    A  prelimiiuirv  rei)ort  on  seepage  water  and  the  underflow  of  rivers:  Bull.  Utah 
Expt.  Station  No  38,  1895. 

On  p.  30,  under  heading  "  Effect  of  subsurface  temiH'rature  on  rate  of  flow,"  are  given  dis- 
cliarge,  temperature,  and  niinfall  at  Denver  Water  Company's  plant  at  Cherry  Creek,  from  1888  to 
1891.  This  is  an  inflltration  gallery  in  flue  sand  15  feet  below  the  ifurfacc,  and  the  discharge 
shows  a  rather  regular  ywirly  fluctuation  with  a  niininium  in  February-March  and  a  maximum, 
normally,  in  August-NovemlsT.  This  fluctuation  is  »u*eribed  by  Forticr  to  changes  in  s<»il  tem- 
pi*Fature.  It  should  be  {Munted  out,  however,  that,  while  the  annual  changes  in  soil  temiH'raturc 
«lo  affect  the  rate  of  flow  (see  p.  5y),  the  yearly  maximum  is  independent  of  this  fluctuation  and 
the  agreement  here  Ls  merely  a  coinci<len(?e. 
Fkki'ND.  Adolph  (secretary).  B»ri<'lit  des  AiLsschtisscs  fiir  die  Was-^iTversorgung  Wiens,  Osterreich- 
Ischen  Iiigenieur- und  Archit«'kt«'n.Verein,  1S95. 

PI.  V,  GraphLsche  Darstelluug  der  Wasscrstande  im  Sleinfeldr',  I.s8;i-I88s. 
GEBiiARifT,  P.  I.    Handbuch  dor  Ingeiii«'urwi.sven.«*<*haft»'ii,  vol.  ;i,  Der  Was'^-rbau.  i»t.  1, 1892,  i)|».  It;-.'>1. 
Under  heading  "Schwaiiktnigeii  des  Grundwas  er<,"  j^ivrs  ai  suninuiry  bjised  largely  «»n  the 
reports  of  Soyka. 
Hkai»1>KN,  Wiluelm  p.    a  soil  study,  ]»t.  4,  The  ground  watt-r:  Hull.  Colonulo  .Vgric.  Expt.  Station 
No.  72,  1902. 
Glve«  data  regartling  efTt-cl  of  hingle  showers. 
King.  Franklin  H.    Flnctuutions  in  level  and  rate  of  movement  (»f  gn>und  water:    Bull.  U.  S. 
Weather  Bureau  No.  5.  \s\X2,  pp.  72-71. 
Discowefl  instantuneoiH  i>i-rrolation  after  rains. 
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Kino,  Franklin  H.    IMiicipIes  and  conditions  of  the  movemvnt  of  ground  water:  Nineteenlli 

Ann.  Rept.  U.  S.  Geol.  Survey,  pt.  2.  1899,  pp.  100-106. 
DLscuflseH  "  Elevation  of  ground-water  surface  due  to  precipitation  and  percolation/*  laifdy 

from  standpoint  of  porosity. 
LiZNAR,  Josef.    Ucber  die  periodische  Anderung  des  Gmndwasserstandes.  ein  Beitrag  zur  QneUen- 

theorie:  Gaa,  vol.  17,  1881,  p.  330;  Mcteorol.  Zeit«»chr.,  Wien.  vol.  17,  1882,  pp.  368-871. 
LuEGER,  Otto.    Die  Schwankungen  des  Grundwassers:  Ga?a,  vol.  24, 1888,  p.  630. 
Michigan  State  Board  op  Health.    Annual  reports.  1878-1903. 

Contain  monthly  observations  of  water  level  at  many  point**  in  Michigan. 
SoYKA,  IsiDOR.    Expert  men  tel  I C8  zur  Theorie  des  Grundwasserschwankungen:  ViertelJahnBChiifl 

filr  off.  Gesundheitspflege,  vol.  4, 188ft.  p.  592. 

Der  Boden  (Handbuch  des  Hygiene  und  der  (jewerbekrankheiten,  vol.  2,  pt.  3),  Leipzig, 

1887,  pp.  251-351. 

Contain.^  much  of  the  material  incorporat«<l  in  the  following  report. 

Die  Schwankungen  des  Grundwassers  mit  besonderer  Beriicksichtigung  der  mitteleiiroiM- 

ischen  Verhaltnisse:  Penck's  Geographische  Abhandlungen,  vol.  2,  pt.  3,  Wien,  1888. 

Spear,  Walter  E.    Long  Island  sources:  Rept.  New  York  City  Commission  on  Additioiial  Water 
Supply,  appendix  7,  1904,  pp.  816-82G. 
Discusses  fluctuation  in  elevation  of  ground-water  surface. 
Todd,  James  E.    Water-Sup.  and  Irr.  Paper  No.  34,  U.  S.  Geol.  Survey,  1900,  p.  29. 

The  normal  yearly  maximum  is  here  tentatively  referred  to  the  melting  of  snows  or  floods. 
Tribus,  L.  L.    Trans.  Am.  Soc.  CKil  Eng.,  vol.  31,  1894,  pp.  170,  391-395. 

Kefwrts  (p.  170)  that  in  driven  wells  in  New  Jersey,  50  feet  deep,  the  effect  of  rain  was  rarely 
felt  in  less  than  thirty  hours;  gives  curve  (pp.  391-395)  showing  fluctuation  of  water  level  in  60-loo( 
well  at  Plainlield,  N.  J.,  waterworks.  1891-1894.  This  shows  normal  annual  curves  sligrhUy  affected 
by  pumping. 
WoLDRicH,  JoiiANN  Nepomuk.  Uclicr  dcii  Kinfluss  der  atmosphtLris(;hen  Niederschlage  auf  das 
GrundwttKser:  Zeitschr.  Meteorol.,  Wien,  vol.  4,  1869,  pp.  273-279. 

Uet>er  die  Beziehungen  der  atmospharLschen  Niederschlage  zum  Flum-  und  Qruudwaaser- 

staud:  Mitt.  d.  Techn.  Klubs  zu  Salzburg,  pt.  1,  1869.  . 

FLUCT^UATIONS  1)1  K  TO  BAUOMKTRIC  CHANGES. 

OHA&AOTER  AND  CATTSE. 

Changes  in  air  pressure  have  been  obnervtHl  t^  affect  wells  in  two  ways;  in  eorae 
there  is  an  inflow  and  outflow  of  air,  and  in  others  a  rising  and  lowering  of  the  water 
level.  «  The  rise  or  outflow  occurs  with  a  falling  barometer,  and  the  depression  or 
inflow  with  a  rising  barometer.  In  tlu'  case  of  flowing  wells,  when  the  external  air 
pressure  decreases,  the  air  within  the  earth  expands,  and,  as  the  escape  tlirough  the 
soil  is  greatly  retarded  by  friction  and  as  the  well  offers  a  free  escape,  it  finds  reliel  1 
through  tbe  well  tubing.  The  jiower  of  this  blast  evidently  depends  on  the  area 
tributary  to  the  well,  the  loss  by  friction,  ami  the  rate  of  lowering  of  the  outsid*^ 
pressure.  On  tlu^  other  hand,  with  a  riv»^ing  barometer  the  external  air  flows  into  tti^ 
pij>e  to  supply  the  volume  lost  by  tln^  compression  of  the  soil  air  or  earth  air.  I-  ^ 
water  is  interpostMl  l)i'tween  this  inrludiMl  air  and  the  well,  the  well  l>econjes  a  roug' ^M 
differential-i>n'ssure  gngi*  in  wliich  tin'  maximum  change  [lossible  is  about  12  inchfc^^ 
of  water  f«>r  carh  mercurial  im-h  nt  variation  iii  the  barometric  pressure. 

WhiTc  tlicrc  is  no  soil  air  suitably  conlined  to  pnnluce  tbe  result  just  descril 
the  air  ami  other  gases  in  the  water  so  inerease  it«  c< impressibility  that  a  snial^^ 
though  measurable  result  may  be  produced  by  the  diri'ct  compression  and  expanaio^^^ 
of  tlu^  water.     In  the  latter  ciise  the  depth  of  water  iuv«»lve<l  is  an  iin[>ortant  faetor^^ 
and  it  is  probably  for  this  reason  that  on  Long  Island,  wIktc  the  earth  air  occur^^ 
only  in  the  porous  surlicial  S(»il,  from  which  it  is  relatively  free  to  escape,  in  the 
wells  at  Lynbrook  fluctuations  <lue  to  barometric  changes  are  clearly  noticeable  only 
in  the  r)()4-foot  well,  and  these  are  relatively  small.     An  examination  of  PI.  VI  shows 
that  there  aie  no  indications  of  barometric  inlluence  on  the  curves  from  the  72-foot 
well,  but  that  in  the  r)()4-f()()t  well  there  is  a  striking  resemblance.     The  similarity  is, 
however,  in  some  places  due  in  \n\rt  to  other  cause.«.     Thus  the  elevations  of  the  water 
on  July  18-19,  August  5,  and  Septeiid>er  1(5,  while  closely  following  the  barometric 

"Seeintliis  coiineilioii  Nineteeutli  .\iin.  Krpt.  T.  S.  (UhA.  Survey.  i>i.  2.  18yy,  tigs.  3,  4,  5;  Water- 
Sup,  and  Irr.  Paper  No.  G7,  V.  S.  lieol.  yiirvoy.  lyCJ,  lig.  39.  \>.  73. 
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curve,  are  partly  due  to  rainfall.  .  This  la  indicated  by  the  fact  that  somewhat  similar 
abrupt  barometric  depressions  on  July  26,  August  20,  and  Septenilx^r  4-5,  when  there 
were  no  important  rains,  did  not  produce  similar  elevations  of  the  water  in  the  well. 
There  is  a  further  point  of  resemblance  and  dissimilarity  Ijetween  the  curve  for  the 
504-foot  well  and  the  barometric  cur\'e.  The  well  curve  shows  a  very  marked  semi- 
diurnal fluctuation,  the  two  parts  of  which  are  generally  of  about  the  same  value, 
although  tliey  sometimes  mei^e  into  a  pronounc»ed  diurnal  wave,  as  on  August  1,  2, 
and  3.  In  the  barometric  curve,  although  there  is  a  tendency  toward  a  semidiurnal 
well  wave,  it  is  nowhere  well  marked.  The  somidiumal  well  wave  is  clearly  not  tidal. 
Its  resemblance  to  the  barometer  curve  is,  however,  sufficiently  close  to  lead  to  the 
belief  that  it  is  largely  barometric,  but  mcHlified  by  some  other  element,  perhaps  the 
diurnal  temi)erature  wave  which  shows  in  the  14-  and  72-foot  wells  (pp.  24-25). 

RE7BRENCE8  RELATIHO  TO  WELL  FLTTOTTTATIONS  DUE  TO  BABOMETEIO  CHAVGIB. 

BIX)WIN«    WELI*S. 

Harbocr,  Erwik  IliNCKi.KY.    [Blowing  wftll«  in  Nohraska]:    Water-Snp.  and  Irr.  Paper  No. 29, U.S. 

(ieol.  Survey,  18H9,  pp.  7t<-»2;  Nebraska  Geol.  Survey,  Kept. of  State  GooloKiHt,  vol.  1, 1903, pp. 9a-97. 
Kabrley,  T.    On  the  blowing  wells  near  North  Allerton:  Troc.  YvirkHhire  Geol.  and  Polyt.  Hck*.,  n. 8., 

vol.  7,  pL  3,  1880,  pp.  409-421,  PI.  VII. 
Uarbis,  Gilbert  Dbnnison.    [Blowing  wells  in  Rapiden  Parish,  I^i.]:    Water-Sup.  and  Irr.  Paper 

No.  101,  U.  S.  (Jeol.  Survey,  1904,  pp.  GO-GI:  ix^uisiuna  Geol.  Survey.  Bull.  No.  1,  1905.  pp.  59-60. 
Lase,  Alfred  C.    Water-Sup.  and  Irr.  Paper  No.  30,  V.  S.  Geol.  Survey,  1K99,  pp.  65-56. 

Records  shallow  blowing  well  in  Michigan. 
Vkatch,  a.  C.    I*rof.  Paper  V.  8.  Geol.  Survey  No.  44.  1900,  p.  74. 

Reconls  reported  occurrence  of  blowing  wells  on  Long  Island,  New  York. 

CnAXOES    IN    VV.\TER   LEVEL. 

Atwell,  Joseph.  Conjectures  on  the  nature  of  intermitting  and  reciprtwating  springs:  Trans.  Phil. 
.Skj.  London,  No.  424.  vol.  37, 1732,  p.  301;  Tran.s.  I'hil.  S<x'.  London  fn>m  16C6-1«00  (abridged),  vol. 
7,  1809,  pp.  544-«i0. 

Describes  irregular  fluctuations  of  short  interval  in  .s])ringH  at  Brixam,  near  Torbay,  in  Devon- 
shire called  **Ijay  well."  These,  he  supposes,  are  pro<luced  by  the  action  of  natural  siphons. 
Perhaps  they  are  banmietric  fluctuations. 

Denizet.  Soun:e8  sujettees  A  i\cn  variations  <iui  i>aralssent  lii^  A  I'^tat  du  ImnmiOtre:  Ckimptca 
rendus,  vol.  7,  1H39,  p.  799. 

KeiHirts  that  springs  at  Voizc  are  affecteri  by  changes  in  barometric  pressure,  and  that  the  dis- 
charge is  directly  related  to  the  pre.*<sure.  instead  of  inverstjly,  as  has  been  proved  by  more  recent 
work. 

GoruH .  JoUN.  Observations  on  the  ebbing  and  tiowing  well  at  (iiggle.Mwick,  in  the  West  Riding  of 
Yorkshire,  with  a  theory  of  reciprocating  fountains:  Jour.  Nat.  Phil.  ('hem.  Arts,  ser.  2,  vol.  36, 
1«13,  pp.  17^-193:  Mem.  Phil.  Soe.  Mune]ie**ter.  n.  >..  vol.  2,  IH13,  pp.  3o4-,V>:i 

The  water  level  in  this  well  tluetuiit»s  irregularly  at  short  intervals,  and  Mr.  Gough  suggests 
that  the  fluctuations  are  i)rodueed  by  the  obstruction  resulting  frv)m  the  luitural  accumulation 
of  air  bubbles  in  theoutletand  then'lief  resulting  from  their  irregular  escape.  He  cities  the  irreg- 
gular  fluctuatioiuiof  the  Weeding  well  in  Dcrhyvhire  and  the  I-jiy  well  near  Torbay,  as  proving 
that  the  prevailing  idea  of  the  pro<luction  <»i  lhe>e  pheiunnena  by  natural  siphtms  is  erroneous. 
He  concludes,  very  correctly,  that  too  little  i>  known  of  the  fountain  of  Ju]>iter  in  IHMlona  and 
Pliny's  well  in  Como  to  judge  of  the  true  cau»e  of  the  fluctuations  mentioned  by  Pliny. 

King,Franklin  H.  [Influence  of  bunimetric  changes  on  diM'harge  an<l  water  level  in  wells  and 
springs  at  Madison  and  Whitewater,  Wis.]:  Hull.  I',  s.  Weather  Bureau  No.  f),  1«92,  pp.  44-o3; 
Nineteenth  Ann.  Rept.  I'.  S.  (Jeol.  Survey,  pt.  2.  ls\y.),  i>p.  7:^77. 

Latham,  Baldwin.  On  the  influence  of  baromelric  i)rcs.Mire  on  the  di.scharg*'  of  water  fnmi  springs: 
Brit.  Assoc.  Rept.  forlJWl.  lss2,  p.  oil;  Brit.  A.ss<.e.  Kept,  for  1Kh:{,  ihm,  pp.  495-1%. 

The  fluctuation  of  the  ('roydon  liouriie.  due  to  barometric  pres**ure,  on  one  o<-casi(m  exceeded 
ball  a  million  gallons  per  day.  Observations  in  deep  wells  are  ul.^)  recorded,  showing  that  flutrtu- 
ations  are  inversely  rclattwl  to  the  pres-ure.  The  thnrtuations  are  attributed  to  the  expansion  and 
contraction  of  the  air  and  Kas«*.s  in  the  water. 

Cnightley,  T.  E.  Ebbing  and  flowing  welN  [in  Derbyshire,  Kngland]:  Geol.  Mag.,  n.  s.,  decade  4, 
vol.  5,  1K98,  pp.  333-3;M. 

Suggests  that   irregularities  in   flow  are  due  to   cavernous   limestone,  v.\\WV\,  \i>5  tsvvj.«a\*  vA 
natural  siphons,  t^vcs  rise  to  " intrnnitiviit  .'Spring  phenomena."    'VVve  \HWs\\>\\\V>i  o\.  \\\v."*«e  'fvvwxxi- 
iitloDS  being  due  to  barometric  chHttffvs  U  not  considered. 
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LiTBORR,  Otto.    Einfluw  der  AtmoHphureiidruckeR  nuf  die  Ergiebigkcit  von  Brunnen  nnd  Qnella: 

Centralblatt  d.  Bauvcrwaltung,  1882,  p.  8. 
MiLNR,  John.    Seismology.    London,  18%,  p.  243. 

Kcportfl  two  sinkingiD  and  two  rlKlngft  of  about  5  miliimctcrfi  in  a  Hhallow  well  near  Ibklo.  Tte 
sinkingH  took  place  between  2  and  6  p.  m.  and  2  and  5  a.  m.  Note:  Thetw  fluctaationfl  migsnttbe 
dinnial  barometric  wave,  but  they  can  l>e  referred  to  it  only  if  the  time  given  \b  taken  to mai 
the  time  at  whi(?h  the  water  commenct^  to  sink  and  not  the  time  of  the  loW-water  stage. 
OuvEK,  Dr.  William.  Of  a  well  that  ebbs  and  flows  .  .  .  :  Trans.  Phil.  8oc.  London.  No.2iM,foL 
17,  1693,  p.  908;  Trans.  Phil.  Soc.  Ixindon  from  16Gft-1800  (abridged),  vol.  8. 1809.  pp.  58&^W6. 

Describes  well  near  Torbay  called  "  Lay  well,"  that  ebbs  and  flows  from  16  to  20  times  per  hooz. 
Sec  Atwcll,  al>ove,  and  discussion  of  minor  periodic  fluctuations  on  p.  75. 
Puny  thr  Younorb  (Caius  Plinius  CaK:iliuM  Secundus).    Epistolce,  lib.  4,  eplst.  ull. 

In  his  letter  to  Licinius  Pliny  describes  the  fluctuations  in  the  discharge  of  a  spring  netrUi 
villa  in  Como,  Italy,  which  he  states  ebbs  and  flows  thrice  a  day.    He  suggests  that  the  fluetiift' 
tions  may  be  due  to  "  the  obstruction  of  air."  tidal  action,  or  some  secret  and  unknown  oootrt^ 
ance  in  the  nature  of  a  valve.    Pliny  the  elder,  in  his  Historia  Naturalis.  lib.  2,  cap.  lOfi,  refento 
the  same  spring,  but  states  that  it  ebl>8  and  flows  every  hour— a  statement  which  is  verified bj 
Catanwus.  the  learned  commentator  on  the  Epistles.    Fn)m  the  meager  and  contradictory  dm 
given  it  is  unsafe  to  venture  a  decided  opinion  on  the  cause  of  these  fluctuations,  bat  they  uj 
be  tentatively  regarded  as  barometric. 
'  Roberts,  Isaac.    On    .    .    .    the  variation  in  atmospheric  pressure    .    .    .    causing  oacillatiooi  in 
the  underground  water  in  iM)rous  strata:  Kept.  Brit.  Assoc,  for  1883,  p.  405. 
States  that  autr^raphic  reconLs  from  a  well  at  Maghill,  near  Liverpool,  show  such  fluctitttioo& 
Suchtrk,  Ciiarli-s  S.    Water-Sup.  andlrr.  Paper  No.  67,  U.  S.  Geol.  Survey,  1902,  pp.  71-72. 

Refers  to  reiKirU*  of  Latham,  King,  and  Lueger. 
Todd,  James  E.    Bull.  Geol.  Survey,  South  Dakota,  No.  2, 1898,  p.  116:  Water^up.  and  Irr.  Paper Na 
34.  U.  8.  Ge<a.  Survey,  1900.  p.  29.   . 
Reports  that  well  discharge  varies  inversely  with  barometic  pressure. 

FLUCTUATIONS  I>UE  TO  TEMI*EIL;VTUIIE  CHANGES. 

OBSERYATIONB  AT  KADI80K,  WIS.— FLTrCTTIATIOKS  YARYINO  DIREOTLT  WITH  TEE  TBt 

PERATTJRE. 

In  1888  King  ol>8ervecl  in  certain  shallow  wellw  at  Madison,  Wis.,  that  the  water 
regularly  for  a  i>urtion  of  the  Hunimer  montliH  st()o<l  higher  in  the  nioming  than  at 
night.«  Further  obst^rvationa  (hiring  the  i)eri<Kl  1888  to  1892  showed  that  there  waa 
in  many  wella  a  <linrnal  wave,  diHtinrtly  marked  during  the  summer  and  dying  oot 
in  winter,  which  was  clearly  not  barometric  in  character,  and  was  not  produced 
by  the  un(M]ual  i>lant  transpiration  during  the  day  and  night.  Su8i>ecting  that  thcHC 
changes  vvt^re  intimately  relate<l  to  t<»mperaturc,  King  trie<l  the  following  experiment: 

A  palvnnizcd-inm  cylinder,  6  feet  deep  ami  30  Indies  in  diameter,  pmvided  with  a  bottom,  and 
water-tipht,  wns  lllle<l  wiili  soil,  standinj?  its  full  helKi^t  ulM)ve  the  ground  in  the  open  field.    In  the 
center  o{  this  cylinder  an<i  extending  t<»  the  lx>ttoni  u  e<»hnnn  of  rvinch  drain  tile  was  placed  and  the 
soil  fille<i  in  Jilwut  it  and  juieked  as  thoroughly  as  ])metieable.    Watt?r  wius  {Kiured  into  the  cavity 
formed  by  the  lilo  until  it  was  full.  an<l  allowed  tt»  percolate  into  th<'soil  so  as  to  saturate  it  and  let^^ 
the  \vat».'r  standing  nearly  a  f«MU  <leep  in  the  well.    When  the  water  in  this  artificial  well  had  becwn* 
nearly  stationary  one  of  the  self-registering  in>irunients  was  plaee<l  upon  it.''    In  order  to  avoid  any 
complieatioUM  due  to  pereolatiou.  tlie  apparatus*  was  provid«'d  with  a  eovjT  which  could  l)e  put  on  in 
times  of  rain  and  rcni<»v«*<i  again  during  fair  wt'ather.    The  li^^t  re<'onls  showed  a  small  diurnal  opcU- 
latlon,  and  ais  the  Rt'as(»n  advanced  llu'se  iner<'ased  in  Hn»plitu<le  until  liually  the  water  nwe  in  the 
well  during  the  <lay  of  .July  s.  l.H  inches  ayd  fell  during  the  following  night  1.H4  inches.    After  th«* 
diurnal  oscillations  had  U'conie  so  pronounced  and  mi  con-taut,  a  serit's  of  thermometers  were  intro- 
duced into  the  side  of  the  cyliiuler,  extending  to  diffen'Mt  <listaiH"es  from  the  surface,  aud  a  record 
kept  of  the  changes  in  the  soil  teni|HTature;  and  the  result  of  tlicse  ohservationswaa  to  show  that  the 
turning  ]M)ints  in  the  water  curve  fell  exaj'tly  uimui  the  turning  ]K>iut^  of  the  tem)>erature  ot  thcB»>" 
in  the  cylinder.     When  this  fact  was  aMrertained,  to  sh(»w  wliether  ilic  corre.'»|>ondence  in  thetim? ^ 
the  two  curves  was  due  to  a  diurnal  cauve,  other  than  teiupenittirc.  which  ha<l  its  turning  point*  ** 
related  to  those  of  the  t<*!nperature  a.s  to  (?auM;  the  two  to  accidciiially  fall  together,  cold  water  W** 

aKing,  Franklin  H..  (>!»*ervations  and  experiments  on  tlie  fluctuations  in  the  level  and  w^. -j^ 
movement  of  ground  water  on  the  Wiwonsin  Agricultunil  Kxperiineiit  Malion  Farm  and  at  Wha** 
water.  Wis.:  Bull.  V.  S.  Weather  Hureau  No.  :>,  IHW;  also  Ann.  Kepts.  Wisconsin  Agric.  Expt.  Stall*-'" 

ft  For  a  figure  of  thi.s  apparatu.s  see  Bull.  I'.J?.  Weather  Bureau  No.  5. 


FLUCTUATIONS   DUE   TO   TEMPERATURE    CHANGES.  55 

>t]ffht  from  the  well  and,  with  a  spray  pump,  applied  to  the  mirfRce  of  the  cylinder  all  around. 
le  water  was  applied  on  a  hot  sunny  day.  just  after  dinner,  when  the  water  wan  rising  In  the  well, 
d  the  rei^ult  was  an  immediate  change  in  the  curve,  the  water  beginning  to  fall  in  the  well.  The 
iter  was  then  turned  off,  and  the  result  of  this  change  was  to  stop  the  fall  of  the  water  In  the  w6ll, 
shown  by  a  change  m  the  direction  of  the  curve. 

This  led  to  the  conchision  that  there  was  a  very  positive  connection  l)etween  the 
anges  in  the  soil  temperature  and  changes  in  the  level  of  the  water  in  the  wells, 
d  that  the  fluctuation  varied  directly  with  the  temperature;  that  is,  the  water  in 
e  wells  rose  with  increasing  temperature  and  fell  when  the  temperature  lowered, 
specially  constructed  self-recording  soil  thermometer  showed  that  at  a  depth  of 
inches  the  minimum  temperature  occurred  at  noon,  and  the  the  maximum  a  little 
x^r  midnight.  It  was  therefore  argued  that  at  a  depth  of  3  feet,  or  the  level  at 
lich  the  wells  were  fluctuating,  the  maximum  and  minimum  temperature  would 
cur  still  later,  and  that  the  high  water  which  occurred  in  the  wells  at  8  o'clock  in 
e  morning  was  due  to  the  maximum  temperature  falling  at  that  time  at  that  depth, 
le  autographic  records,  moreover,  show  that  the  well  curves  have  the  same  charac- 
ri.stic  wi  the  tempt»rature  curve — thert>  is  in  both  a  comparatively  sudden  rise  and  a 
ng  fall.  King  at  first  believed  that  these  fluctuations  were  produced  by  a  variation 
the  capillary  action  of  the  soil  resulting  from  the  change  in  temperature, <*  but 
t<»rwardH  concluded  that  the  fluctuations  wen?  due  not  so  much  to  *'a  change  in  the 
•^>Hity  of  the  ground  water  as  to  variations  in  prea*?ure  due  to  the  expansion  and 
ntraction  of  the  gas  confined  in  the  soil  within  and  alK)ve  the  water." ^ 
Changes  in  capillary  attraction  and  surface  tension,  due  to  temperature  changes, 
e  quite  comi>etent  to  ])roiluce  fluctuations  wliit'h  are  related  to  the  temperature  in 
lO  way  ol>served.  A  ri^e  in  ti'mi>erature,  by  decreasing  the  capillary  attraction, 
ia.ses  some  of  the  capillary  water  al)ove  the  water  table  to  be  adde<l  to  the  zone  of 
nnplete  saturation,  and  so  increases  the  level  of  the  water  in  wells.  Conversely,  a 
Hiri'ase  of  ten<^)erature,  by  inttreasing  the  surface  tension  and  capillary  attraction, 
luses  water  to  \h}  transferred  from  the  ground  water  to  the  partially  saturated  zone 
M.»ve  it,  and  so  lowers  the  water  in  wells.  There  is,  then,  a  continual  interchange, 
flux  and  reflux,  l>etween  the  ground  water  and  the  water  in  the  partially  saturated 
•ne  alx)ve  it.  The  amount  of  water  involved  in  this  change  is  ])robably  small,  but, 
'i^use  of  the  very  small  amount  of  unoccui)ied  pore  si>ace  existing  immediately  above 
e  zone  of  saturation,  a  very  tiilight  shifting  of  water  can  produc^e  a  fluctuation  of  sev- 
al  inches  in  the  surface  of  the  zone  of  saturation  or  the  water  level  in  a  well.  This 
fe<-t  in  marked  only  when  the  bottom  of  the  well  (nupposing  the  well  tube  to  be 
iI>ervious)  is  very  near  the  top  of  the  ground-water  table;  it  is  not  shown  in  deep 
ella  ])ecjiuse,  while  the  i»oHition  of  thc^  ground-water  table  is  constantly  changing  in 
is  way,  then^  i.**,  so  far  as  sleeper  points*  are  concerned,  no  important  change  in 
*t-»«<ure.  The  total  pre.«Hnn'  at  a  given  point  Iwlow  the  ground-water  table  is  essen- 
ally  the  same  whether  the  water  involved  is  in  the  siiturated  zone  or  2  or  3  inches 
»>ove  it  in  an  almost  saturated  layer.  To  this,  in<»re  than  to  the  fact  that  the  vari- 
tions  in  soil  temperature  at  a  «ziven  depth  are  le.^s  in  winter  than  in  summer,  is  due 
he  fact  that  these  flnrtnutions  at  Ma<lison,  Wis.,  were  not  shown  by  the  twice-<laily 
•Iwervations,  made  morning  ;in<l  evening  iM'tween  isSHand  IS1)2,  until  i)a8t  or  near 
l>c  middle  of  July  (when  the  water  was  nearing  its  yearly  minimum),  and  from  that 
^•>ie  increase<l  toward  a  iiiaxininm,  occurring  soinetnne  in  .\ugust  (probably  corre- 
'I»^>nding  with  the  ground-water  minimum )i  luid  tlien  died  away  until  the  middle 
>f Octol)er,  when  they  l>e<anie  inconsi)icuous.  It  likewise  ex|>lains  the  fact  that  not 
'"the  wells  observed,  th(iU'.rh  they  were  in  a  limited  area,  show  these  fluctuations, 
'^'1  why  they  begin  at  different  limes  in  adjacent  wells  ot  different  <lepths. 


JguJl.  u.  S.  Wcalhcr  Hiinau  Nc  :..  lv.»J.  pp.  .;.i.  <;7. 

*»iill.  r.  8.  WeaUur  Btiroau  No.  ;i,  is'rj,  p.  7J.  NiucH'onih  Aim.  Itept.  V.  S.  Geol.  Survey,  pt.  2, 

*.  pp.  75,  77. 
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To  this  relation  are  due  the  apparently  anomalous  phenomena  observed  in  "well 
No.  5,'*  which  King  records  as  follows: 

The  ground-water  level  had  fallen  until  well  5  was  likely  to  become  dry.  In  order  not  to  lose  the 
records  it  wan  deepened  by  boring  a  hole  in  the  center  and  curbing  it  with  sections  of  Mnch  dnin 
tile  in  the  manner  represented  in  the  ftgure.n  which  shows  the  two  water  surfaces  whose  fluctustion» 
arc  recorded  in  fig.  16.  The  original  well,  having  an  inside  diameter  of  1  foot  and  a  depth  of  5.5  feet, 
was  bricked  up  to  within  2  feet  of  the  surface  and  then  finished  with  a  section  of  sewer  pipe,  m 
shown  in  the  cut.a  where  the  character  and  arrangement  of  the  soil  through  which  the  well  pene- 
trated may  also  be  seen.  ^ 

The  facts  are,  strange  as  it  does  appear,  that  under  these  conditons  and  in  such  close  Juxtapositioii. 
oscillations  so  unlike  in  their  character  as  the  two  under  consideration  were  produced  simaltaneoosly. 
The  l^evel  of  the  water  in  the  outer  well  oscillated  so  as  to  stand  in  the  morning  from  0.1  toO.S  inch  • 
above  the  level  of  the  water  in  the  inner  one,  and  at  night  from  0.5  inch  to  1.2  inches  below  that 
surface,  and  these  differences  were  maintained  with  only  the  unglazed  section  of  drain  tile  8^)aratin| 
them.  The  large  oscillations  in  this  well  became  very  pronounced  and  constant  only  a  short  time 
before  it  became  dry,  and  the  inner  well  did  not  take  up  the  marked  changes  in  level  after  the  wtter 
fell  below  the  bottom  of  the  original  well.  No  other  well  of  this  series,  although  constructed  in  the 
same  manner,  showed  such  marked  oscillations. 

The  second  suggestion,  that  the  fluctuations  are  produced  by  the  expansion  and 
contraction  of  the  air  due  to  temperature  changes,  is  not  supported  by  the  obeen*€d 
facts.  The  daily  temperature  fluctuation  at  the  depths  observed  amounts  to  but  a 
fraction  of  a  degree,  and  the  change  in  volume  or  vapor  tension  of  the  air  resulting 
from  this  is  quite  incompetent  to  produce  the  fluctuations  observed.  Moreover,  thia 
involves  an  elevation  in  the  well  due  to  pressure  of  much  the  same  character  as  that 
producing  the  fluctuati(^ns  due  to  barometric  clianges.  The  effects  of  such  prearare 
changes  are  felt  not  only  at  the  surface  of  the  zone  of  complete  saturation,  or  the 
water  table,  but  are  transmitteil  for  many  feet  below  it,  and  in  the  case  of  well  No.  6, 
describe<l  above,  the  fluctuations  under  such  conditions  would  be  shown  in  both 
wells,  though  in  the  deep  one  the  amplitude  would  be  slightly  less. 

On  the  whole  there  seems  to  be  no  other  alternative  than  to  regard*  these  Madison 
fluctuations  as  the  result  of  variations  in  the  ca])illary  attraction  and  surface  tension, 
of  the  water  above  the  zone  of  complete  saturation,  produced  by  yariationa  in 
temperature. 

In  fluctuations  of  this  character  a  limiting  fat^tor  is  clearly  the  range  of  tempera- 
ture, which  decreases  very  rapidly  with  depth,  so  that  at  a  relatively  shallow  depth, 
much  less  than  the  limit  of  no  annual  change,  the  fluctuations  become  impercepti- 
ble. The  amplitude  will,  moreover,  be  affecttnl  by  the  size  of  the  pore  spaces,  being 
greater  in  fine  than  in  coarse  material. 

OBSERVATIONS    AT   LTNBROOK,    N.    T.— FLTfCTTfATIONS   INVERBELT   RELATED  TO 

TEKPERATTTRE. 

Two  of  the  wells  at  Lynbrook  show  pronounced  fluctuations  which  are  clearly  due 
to  temperature  cliangen.  Thene  fluctuations,  while  they  resemble  those  obsen'edat 
Madison  in  th(j  fact  that  the  water  is  higher  in  the  morning  than  at  night,  differ 
from  them  in  two  important  rcHpects.  There  is  no  connection  between  their  occur- 
rence and  the  relation  of  the  ground-water  table  to  the  bottom  of  the  well;  they  are 
bent  develope<l  in  a  2-inth  well,  14  feet  deep,  whose  bottom  is  about  13. 76  feet  below 
the  ground-water  level;  they  are  distinctly  develoixpd  in  a  well  72  feet  deep,  and  are 
believed  to  fonn  one  oi  the  element.s  in  a  compound  curve  obtained  from  the  5(M- 
foot  well  (PI.  VI,  p.  24).  There  is  also  the  further  difference  that,  while  these  are 
clearly  temperature  fluctuations,  they  are  inversely  relate<l  to  the  temperature — that 
is,  the  water  is  high  when  the  temperature  is  low.     Avoiding  all  discussion  of  the 

a  Omitted  in  this  report. 

ftThc  Ptmllttftttion,  as  sliown  in  the  oriKinul  cut,  is  as  follows: 

Section  of  will  at  Madison,  M'i«.,  which /urn iahol  Jiuct nations  ^hown  in  fig.  16.  FeeL 

1.  liOam 0.6 

2.  Clay 10 

S.  Sand 9 

4.  Clay .\ 

6.  Sand 'i-^ 
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quoHtion  of  la^;,  this  relation  is 
o»nt'hjj*iv4*ly  g^liuwii  by  the 
shape  tjf  I  In*  iiirvi.^.  The  char- 
act^  rL^tU*  ( if  the  air  tt*Jiipt*nit  n  rr 
curve  is  a  quick  ri^^  aiul  elowi  r 
fall;  well  fluL'tuatiuufi  directly 
related  to  the  temperature^  an 
those  at  Madison,  therefore 
must  show  a  quick  rise  and  a 
fcilower  fall,  but  in  the  Lyn- 
brook  wells  there  is  a  quick 
fall  and  slower  rif<e( see  PI.  VI, 
Aug.  1-3).  Theee  evidently 
belong  in  quite  a  different  cIhh^ 
from  the  temperature  fluctua- 
tions observed  at  Madison,  am  i 
involve  quite  a  different  rela- 
tion between  the  hoi  I  temjiera- 
ture  and  the  jjnmn^l  wati  r 

The  soil  is  a  very  poor  tran?»- 
niitter  of  heat,  and  there  is  not 
only  a  very  rapid  diminution 
of  the  temperature  range  with 
depth,  but  a  \*^ry  connideraltle 
time  lag.  Swezey*  ol*erva- 
tions  o  at  Lincoln,  Nebr.,  for  a 
period  of  fourteen  years  show 
that  while  in  wiiiler  the  maxi- 
nmm  temperature  wcurn  in  the 
air  at  about  the  middle  nf  the 
AftertiOfHi,  at  a  <lepth  of  3  to  6 
inches  it  occurs  in  the  evening, 
and  at  1  foot  it  if*  dt'lavt'il  until 
the  following  morinn^;  below 
1  fo<jt  it  ] s  sc« irel y  ap p n^i  i a ble. 
In  summer  the  daily  range  is 
coBaidembly  greater  at  all 
depttia,  the  ehangeJi  are  appre- 
ciable to  a  depth  of  at  \viwt  2 
feet,  and  are  retanh^il  tci  alnni 
the  same  extent  as  in  winder. 

At  Bronx  Park,  New  York 
^'ty,  the  record  ohtaiTh^l  \t\ 
MacJXiugal*  with  a  Ilallork 
wertDograph  8howe<l  that  at  1 
ftjot  Ijelow  the  surface  the  niax- 
"'Hiin  daily  temperature  <>c- 
^"»*r^Hl  bcftween  Sand  i».  m., 
*^    the  minimum  between  8 

°f*^W«^y^  G.  D..  HitU  tt^mi*vjiiHuv 
"  ^>FXfolii,  Nebr..  IH^J^  ^^^  }'jnn  Six 
J^'^ntH  Atin.  Ilepl    Nebrii>bft  A>frir 

r.ipt_     S^UUoii  Ke<h.»ra,  vi*!.  U,  1901, 

"  **^4>iv>^,g^l   tjflniel  Trfnihlv.  Soil 

iLil  *^**iht'r  RfMifW.  vuL  ;i\,  Aiigtist, 
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and  10  a.  m.;  and  the  maximum  daily  range  was  hut  2°  C  (3.6**  F.),  which  was 

roachecl  on  but  two  ocxa- 
hIoils.  The  total  annual 
ViJn;fi(<iti  innn  June  9, 1902, 
t-  >  M II y ::  I ,  I  Vina,  was  16.2*'  C. 
(29.4^'  F. ).  Similar  repulte 
have  been  obtaine<l  by  Cal- 
lendcrat  MontreaL** 

Ae  a  rt]?ult  of  this  slow 
trauenjij?sioti  of  tenipera- 
tiirc^  tUe  tempemture  aHbe 
ground  -  walci  r  ou  tiet  naa)^  be 
nt  ltd  maximum  while  a 
short  tlisf a[it*e  away  wb  ere 
ttie  water  faljlc  i^  but  a  foot 
or  two  from  the^urface^llie 
ground  tcrniieraturemay  be 
at  its  minimum.  Now,  the 
rate  of  flow  of  water  is 
greatly  affected  by  temper- 
ature. Poiseuille  found 
that  water  at  a  temi^era- 
ture  of  4o*»  C.  flowed  2.5 
times  as  fast  under  other- 
wise like  condition.^  as 
water  at  5°  G.  *  This  gives 
rise  to  the  phenomena 
shown  in  fig.  17. 

There  is  thus  prcxiui*ed  a 
(listinct  and  ix'riodic  flue* 
t  nation  of  the*  ground 
water,  which  m  great  near 
the  jETound- water  outlet 
and  deereiiflea  rapidly  In 
ain|ilitndo  as  the  diir^tanee 
fr"»fn  UieoutiTrop  increases. 
The  flijrtUfitHin  18  produced 
by  an  actual  shifting  of  the 
water  whereby  the  pressure 
conditions  are  constantly 
changeil,  and  in  this  re- 
Hix^ct  it  differs  from  the 
Ma<lisou  fluctuations  (p. 
54).  It  is  thi?"  rhhiiL:)'  in 
prcs'^uro  that  causes  these 
fluctuationH  to  show  in  the 
other  wells,  even  to  a  depth 
of  500  ft'ct.  The  same  i)be- 
nonicnon  of  response  to 
loading  and  relief  from 
load  is  t^xhibited  in  some 
(if  tlit^  miiiftv!  fluctuations 
ribe<l  above  (p.  42)  and  in  the  sympathetic  tidal  fluctuations  (p.  (>5). 

aGalleiuler.  Hiigli  L.,  rr<H\  and  Trans.  Royul  So<^  Caniubi  for  lsor>,  2d  ser,  vol.  1,  soo.  3,  p.  79,  fi^   4 
feQiioU'd  t>y  KiiiK,  Nincttu'nth  Ann.  Rept.  V.  S.  deol.  Snrvt'V.  i)l.  2,  IH«M»,  j».  s-2;  see  also  Carpenter 

L.  C.  SwjMiKe  and  roturn  waters  from  irrigation:  Bull.  Colomclo  Agric.  Kxpl.  Suvtion  No.  33,  1896.* 

pp.  42-44. 
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These  data  suggest  that  the  annoal  changes  of  the  soil  temperatare  may  proauce  a 
somewhat  analogous  effect,  the  warm  summer  temperature  assisting  in  the  depletion 
or  lowering  of  the  water  near  the  ground-water  outlets,  and  the  cold  winter  tempera- 
ture, by  rendering  the  water  more  viscous,  retarding  the  outflow.  In  one  respect 
the  result  would  be  in  the  same  direction  as  the  annual  ground-water  fluctuations, 
and  this  is  perhaps  to  be  considered  one  of  the  minor  factors.  It  would  also  tend  to 
make  the  time  of  occurrence  of  the  maximum  and  minimum  of  the  yearly  fluctua- 
tion earlier  near  the  ground-water  outlets  than  on  the  divides — or  just  the  condi- 
tion observed  on  Long  Island  (p.  35). 

OBSEBVATIOirS  AT  BHSBLOOK,  KAKB. 

Diurnal  fluctuations  due  to  temperature  changes  were  observed  by  Mr.  Henry  C. 
Wolff,  at  Sherlock,  Kans.,  in  1904,  while  working  under  the  direction  of  Prof.  C.  S. 
Slichter.«  Mr.  Wolff  reports  that  the  wells  are  low  in  the  evening  and  high  in  the 
morning,  and  that  there  is  no  important  time  lag  between  wells  where  the  water  line 
is  6  inches  below  the  surface  and  those  where  it  is  3  feet  below.  In  a  few  wells 
where  the  water  level  was  about  3  feet  from  the  »urfa«»,  which  were  ol)servetl  long 
enough  to  show  the  shape  of  the  curve,  the  characteristics  of  the  Madison  curve  are 
shown — ^that  is,  there  is  a  long  fall  and  sudden  rise. 

DIXnEtVAL  FLTrCTXrATIOKB  OF  CAGES  LA  POTTDItS  RIVER,  COLORADO. 

Carpenter  has  observed  very  regular  diurnal  changes  in  the  height  of  Cache  la 
Poudre  River  near  Fort  Collins,  Colo,  f*  Here  the  high  water  occurs  at  from  4  to  6 
a.  m.,  the  low  water  at  8  p.  m.,  and  the  extreme  range  of  the  daily  change  in  river 
level  noted  was  about  1  foot.  The  curves  show  tlie  same  characteristics  a^  those 
observed  by  Wolff  at  Sherlock,  Kans. ;  there  is  a  long  fall  and  a  sudden  rise,  and 
they  are  therefore  directly  related  to  the  temperature.  Carpenter  concludes  that 
these  fluctuations  are  due  to  differences  in  daily  melting  in  the  snow  fields,  and  that 
the  (xxjurrence  of  the  high  water  in  the  morning  is  due  to  the  distance  from  the  snow 
fields.  While  this  is  a  very  ixjssible  explanation,  and  in  the  writer's  opinion  it  is 
I>rol)ably  the  correct  one,  it  is  desirable  to  have  the  matter  checked  by  other  obser- 
vations. If  the  fluctuations  are  purely  due  to  daily  waves  moving  down  the  river, 
due  to  melting  snow,  gages  at  other  points  should  show  the  maximum  and  minimum  . 
at  different  times;  if  the  fluctuations  are  due  to  variation  in  rate  of  ground-water 
discrharge  and  are  analogous  to  those  described  above,  the  time  will  l)e  the  same  at 
different  x)oints. 

RSFERSVGEB  RELATIHO  TO  FLTTCTUATIONS  PRODTTOEI)  BT  TEKFERATTTRE  CHAKOEB. 

Besides  the  references  given  above  to  the  discussions  of  King,  Slichtt»r,  and  Wolff, 
it  is  desirable  to  add  here  the  early  reference  of  Pliny  to  fluctuating  wells  InOonging 
to  this  class: 

Pj.iny  the  Elder  (Calus  Pliniiis  Secundus).    Historia  Naturalls.  lib.  2,  cap.  106  [Pliny's  Natural 
Hiatory,  Bostock  and  Riley's  translation,  Bohn's  LibraricH,  vol.  1, 1887,  pp.  188-134]. 

••  In  the  inland  of  Tenedos  there  is  a  npring  which,  after  the  snmmer  aol.«?tlcc,  is  full  of  water 
from  the  third  hour  of  the  night  to  the  sixth."  "The  fountain  of  Jupiter  in  Do<lona  .  .  . 
always  becomes  dry  at  nrxm,  from  which  circumstance  it  is  culled  'The  Ix>itercr.'  It  then 
increases  and  becomes  full  at  midnight,  after  which  it  again  visibly  decreases."  Hardouin  notes 
that  there  is  a  similar  kind  of  fountain  in  Provence  calle<l  "Collis  Martiensb."  Thcne  fluctua- 
tions clearly  belong  to  the  class  produced  by  temperature  changes. 

FLUCrrUATIONS  PRODUCED  BY  RIVERS. 

Rivers  may  produce  fluctuations  of  the  water  level  in  wells  in  three  ways:  (1 )  By 
changing  the  height  of  the  ground- water  discharge;  (2)  by  seepage  or  actual  con- 
tributions to  the  ground  water,  and  (3)  by  transmitted  presHure  or  plastic  deformation. 


aThe  underflow  of  the  Arkansas  Valley  in  western  Kansas:  Water-Sup.  and  Irr.  Paper  No.  153,  V.  S. 
Oeol.  Survey. 

^Carpenter,  L.  G.,  Bull.  Colorado  Agric.  Kxpt.  Station  No.  55, 1901,  tig&.  '1-^ 
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TLUOTTTATIOVS  PBODUOED  BT  0HAHOS9  IS  RATE  OF  OKOTJHD-WATXB  DI80SABOB. 

In  regions  where  the  sides  of  the  channels  are  pervious  and  the  ground  water  con- 
tributes to  the  stream  flow,  tlie  wat«r  table,  after  a  perio<i  of  long  drought,  slopes 
regularly  down  to  the  water  surface.  If  the  stream  rises  through  cause8  not  aaeo- 
ciated  with  local  ground-water  conditions,  the  ground-water  table  is  found  likewii«e 
to  rise  to  a  greater  or  less  extent.  This  is  accomplished  in  part  by  an  outflow  from 
the  river  and  in  part  by  the  acx^umulation  of  the  ground- water  flow,  which  can  not 
so  readily  escape  under  the  new  conditions  as  under  the  old.  If  this  new  level  were 
permanently  maintaineil  a  complete  readjustment  would  take  place,  and  a  line 
roughly  parallel  to  the  initial  position  of  the  ground-water  table  would  be  develojied; 
and  if  there  were  no  new  outlets  developed  by  this  elevation  of  the  ground  water, 
wells  at  all  distances  would  be  similarly  affected.  Actually,  however,  the  river  is  con- 
stantly changing;  a  series  of  waves  of  unequal  height  and  duration,  representing  the 
high  and  low  waters,  are  constantly  traveling  down  every  stream,  and  no  stage  lasts 
l«ng  enough  for  the  establishment  of  a  perfectly  graded  ground-water  table,  even 
were  there  no  other  factors  involved.  The  result  of  this  unceasing  change  is  that 
the  fluctuations  are  greatest  nt»ar  the  river  and  become  imperceptible  at  very  short 
distances.  This  is  due  not  only  to  the  rapidity  of  the  fluctuations  in  the  river,  Imt 
to  the  slow  rate  of  outflow  an<l  accumulation. 

Observations  made  by  Hess  «  along  Aller  River,  near  Celle,  (^ermany,  in  1866,  give 
the  values  expressed  in  the  table  below: 

Table  fhmving  lag  of  high-  and  loio-^waier  stages  tw  loells  along  Aller  Rii^erj  behind  high-  and 

lou^VHiter  Mages  in  the  river. 


Distance 
from 
river. 

High  water.  Fcb.- 
Mar.,  1866. 

Low  water,  Mar.  7, 
1866. 

High  water,  Apr.  1, 
1866. 

Teat  well  No.— 

High  wa- 
ter in 
well  be- 
hind high 
water  in 
river. 

Rate  per 
day. 

Low  water 
in  well  be- 
hind low 
water  in 
river. 

Rate  per 
day. 

High  water 
in  well  be- 
hind high 
water  in 
river. 

Rate  per 
day. 

1 

Mders. 
47 
140 
851 

468 

Days. 
5 
5 
17 
19 

Meters. 
10 
28 
21 

Days. 
2 
3 

4 

Meiers. 
23.5 
47.0 
88.0 
67.0 

Days. 

4 
5 
10 

Meters. 

12.5 

2 

28.0 

3 

35.0 

4 

24  i                   7 

6 

584  ;             21 

28 

OhservationH  made  by  Slichter  in  very  porous  gravels  in  western  KansaA,  at  Gar- 
den, Sherlock,  and  Deerfield,  while  showing  a  more  rapid  transmission  than  those 
ju8t  indicated,  ^ive  very  inarktHi  time  lags*.  The  conditions  here  are  different  in  the 
re.sj)ect  that  tlu*  ground  water  docs  not  materially  add  to  the  stream  flow,  and  the 
rise  of  the  water  in  the  wells  is  due  wholly  to  seepage.  The  sloj>e  of  the  water  plane 
is  not  toward  the  river,  but  downstream,  at  a  rate  very  nearly  the  same  as  that  of 
the  Htream.  At  Sherlock  tlu^  water  |)lane  on  July  27,  liKU,  sloped  gently  to  the  river 
from  test  well  No.  5,  but  the  water  in  ti'st  wells  Nos.  2,  3,  and  6  was  lower  than  the 
river.  Between  1 1  an<l  4  o'clock  the  river  rose  l.G  feet,  and  then  fell  gradually.  The 
beginning  of  the  rise  was  felt  in  well  No.  3,  400  feet  north  of  the  river,  in  less  than 
two  hours;  in  wells  No.  2,  900  feet  north  of  the  river,  and  No.  5,  550  feet  south  of 
the  river,  in  between  three  and  four  hours;  in  well  No.  4,  1,000  feet  south  of  the 


«  Hwvs,  Beobafhtungeii  iiber  das Gnind wa-ssers  der  norddtMitscheii  Ebciu'.  Zeituchr.  dea  ArchUckten 
und  Ingenieurvereins  in  Hannover,  vol.  16, 1«7U,  ouottHl  bv  Soyka,  Der  btnlen,  Leipzig,  1887,  pp.  262- 
207,  tigs.  2,V2r>:  and  (Jerhardt,  Der  Wawserbau,  l.eii)7.ig.  1W2,  y\\.  49-60,  I'l.  I,  tigs.  7,  8.  The  dia^nuns 
given  by  Sovka  and  Gerhnrdt  do  not  cheek  with  t!»e  valneH  given  in  the  text,  and  as  the  fifirurcs  are 
clearly  carefessly  drawn  the  text  values  are  repro<liicetl  liere. 
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river,  in  four  hoare.  Well  No.  0,  2,600  feet  from  the  river,  fell  during  the  whole 
perio<l  of  observation.  The  difference  in  time  in  the  occurrence  of  the  maximum  is 
expressed  in  the  following  table: 

Difference  in  time  between  high  water  in  Arkansas  River  and  wells  on  Us  banks^  near  Sher^ 

lock,  Kans.f  July,  1904^ 


No.  of 
well. 


Distance 
from 
river. 

Lag. 

Ftet. 

Hour«. 

a400 

3-6 

agoo 

12 

afiOO 

36 

b650 

108+ (?) 

M.OOO 

108 -t- 

ft2,600 

(c, 

aNorth.  -    * 

b  South. 

<'No  rifle  in  five  days. 

It  will  be  note<i  that  the  most  rapid  transmission  was  toward  the  north,  where  the 
water  plane  sloped  away  from  the  river,  while  the  slight  rise  of  the  water  plane 
toward  wells  Nos.  4  and  5  produced  a  very  marked  retardation. 

These  observations  seem  to  indicate  that  the  rate  of  transmission  is  greater  when 
the  water  plane  slopes  from  the  river  than  when  it  slopes  toward  it  and  help  to 
explain  the  great  retardation  observeil  at  Oelle.  In  no  instance  in  this  Kansas  work 
were  the  effects  of  floods  observed  in  wells  at  distances  of  more  than  one-fourth  of 
a  mile  from  the  river. 

In  case  there  is  open  connection  between  the  river  and  the  well,  such  as  might  be 
affonied  by  limestone  caves,  changes  in  level  may  be  felt  at  considerable  distances 
with  but  very  little  time  lag.  V^ery  rapid  fluctuations  would,  however,  be  obliter- 
ated here,  for  the  well  would  act  very  much  as  the  still  box  used  in  tidal  work, 
which  consists  of  a  large  well  connected  with  the  ocean  by  means  of  a  relatively 
small  passage  opening  at  some  distance  Mow  the  water  surface.  The  wave  action 
is  entirely  obliterated,  because  the  water  does  not  have  time  to  flow  in  and  out  of 
the  well  in  the  period  between  fluctuations.  The  gradual  changes  of  the  tide  are, 
however,  exactly  recorded.  But  direct  cavernous  connections  between  wells  and 
waterways  are  rare,  an<l  generally  river  changes  act  through  the  interstices  of  the 
soil  in  the  way  observed  at  Celle  and  Sherlock  or  by  transmitted  pressure  as  described 
below. 

TLUCTXrATIOVS  FEODUOED  BT  niREOTJLAS  DTTILTKATIOK  FROK  RIVERS  WITH  KORXALLT 

IXPERVIOIIB  BEDS. 

Besides  rivers  which  have  i)ervious  Hides  and  into  which  the  ground  water  is 
always  free  to  flow  or  out  of  which  the  water  flows  whenever  the  river  level  exceeds 
that  of  the  ground  water,  there  are  many  rivers  which,  under  normal  conditions,  so 
plaster  their  beds  with  fine  silt  that  water  is  unable  to  flow  either  in  or  out.  Nearly 
all  rivers  carrjing  large  amounts  of  fine  silt«  are  normally  in  this  condition,  and 
it  is  thus  that  the  water  in  many  delta  regions  is  able  to  flow  at  heights  above  the 
sorrounding  land,  and  rivers  in  other  regions  flow  at  heights  much  above  the  normal 
ground- water  level. 

Thus  the  Leitha  at  Katzelsdori,  near  Wiener  Neustadt,  flows  at  a  height  of  10  to 
70  feet  above  the  level  of  the  ground  water  at  that  place,  the  height  depending  on 


a  For  an  example  of  th«  silting  power  of  a  clear  stream  see  Freeman,  John  R.,  Pcreolation  thnxif^h 
JSmbankments  and  the  Natural  Closing  of  lA*Hk>*.  Bt>8U)n  i^oc.  Civil  Knj^.,  June  '20,  IHtV^. 
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the  Btage  of  the  ground  water,  although  there  m  at  all  times  considerable  Feepage, 
(n.  IX.) 

The  Rio  (irande  in  a  ainiilar  way  flows  from  central  New  Mexico  to  the  sea,  always 
above  the  ground-water  level. 

When  the  rivers  silt  up  their  l)ed8,  where  the  water  plane  slopes  down  to  the  river 
and  there  is  a  tendency  to  di»(!harge  into  the  river,  the  silting  develops  an  artesian 
head  which  causes  the  water  to  rise  al)Ove  the  level  of  the  river  in  wells  sunk  within 
the  channel.  Such  occurrences  have  been  reported  by  Sal  bach  in  the  Elbe.  «  This 
Ellw  occurrenc!e  may,  however,  l>e  due  to  a  slieet  of  clay  not  connected  with  the 
river-silt  deposits  of  the  present  regime.  During  floods  such  rivere  frequently  8c<»ur 
out  their  beiis  and  establish  a  connection  between  the  surface  and  the  undei^^round 
waters.  When  the  river  is  above  the  ground-water  table,  this  leakage  will  raise  the 
water  level;  when  the  reverst^  is  the  c«se,  it  may,  by  jjemiitting  a  discharge  of  the 
artesian  water,  cause  the  wat<»r  level  in  a  near-by  well  to  lower. 

Slichter  has  found  at  Mesilla  Park,  N.  Mex.,  that  the  greater  part  of  the  underflow 
in  the  valley  is  deriveil  in  this  way  from  the  flood  watt»re  of  the  Rio  Grande,  *  Pre- 
wding  the  flo<Ml  of  OctoWr  5,  1904,  the  ground- water  level  was  several  feet  below  the 
river  channel,  although  the  river  contained  considerable  water.  The  effect  of  the 
flooil  was  well  marked  at  well  No.  7,  three-fourths  of  a  mile  from  the  rivei,  but  did 
not  affect  well  No.  6,  1.3  miles  from  the  river,  in  s(»venteen  days.  The  rate  of  trans- 
mission is  evidently  quite  similar  in  this  case  to  those  given  above. 

Quite  different  from  these  slow  rates  of  change  in  the  ground-water  level  due  to  river 
changes  are  the  changes  in  the  Jx)ndon  wells  ascrilx^d  by  Clutterbnck  and  Buckland  « 
to  AocmIs  in  Colne  River  at  Watford,  Hertfordshire.  According  to  these  observers  a 
rise  in  the  Colne  produces  a  rise  in  the  lx)ndon  wells,  15  miles  distant,  in  a  few  hours. 
These  floods  are  due  to  heavy  rains  and  it  seems  much  more  probable  that  the 
ol>served  rise  is  due  to  the  weight  of  the  rain  on  the  local  London  area  than  to  the 
transmitted  pressure  from  a  flood  15  miles  distant.  Fluctuations  of  this  character 
due  to  rainfall  have  betm  ol)served  at  Lynbrook,  N.  Y.  (p.  42),  and  no  such  rat«s  of 
latt»ral  transmission  have  been  observed  either  from  the  river  flood  or  tides,  with  the 
jM)8sible  exception  of  the  tidal  wells  at  Lille,  France  (p.  64.)  Certainly  there  is  no 
evi<li'nce  of  such  j^reat  underground  <-averns  In'tween  Lille  and  the  sea  as  this  rate  of 
transmission  would  nnpiirc,  though  its  very  occurremv,  if  conclusively  proven,  would 
indicate  some  such  connecti<m. 

FLUCTUATIONS  DUE  TO  A  PLASTIC  DEFORMATION  PRODUCED  BT  YARYIHO  VOLITMSS  07 
WATER  CARRIED  BY  RIVERS. 

The  alternations  of  load  due  to  the  irrej^ular  waves,  whose  (Testa  are  the  high-  and 
low-water  sta<:es,  which  arc  constiiutly  pa.*<sing  down  every  river,  produce  fluctua- 
tions anagalous  to  those  producetl  l)y  tides,  though  lat'king  their  periodic  character. 
They  resenil)le  also  the  synij)athetic  Muctuatioiis  ]>r()duced  in  the  72- and  504-foot 
wells  at  J^ynhrook  due  to  variations  in  load  i)i(Mhu'ed  by  rainfall  and  thermometric 
chancres  (pp.  43, 58).  The  zone  in  which  these  fluctuations  will  In?  <listinctly  recogniz- 
able will  l>e  limited  to  a  nnle  or  two  in  the  immediate  vicinity  of  the  river. 
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Gf.rhardt,  p.    Der  Waaaerbau,  vol.  1,  pt.  1,  3d  ed.,  1892,  pp.  4»-49. 

Gives  Hcss's  observations  on  Aller  River. 
SI.ICHTF.R,  Charles  8.    Observations  on  the  ground  waters  of  Rio  Grand  Valley:  Water-Sup.  and 
Irr.  Paper  No.  141,  U.S. Geol.  Sur\'ey,  1905,  pp.  18, iViS. 30. 

Gives  observations  on  effect  of  outflow  from  river  on  ground-water  level  at  El  Paso,  Mesilla 
Park,  and  Berino. 

The  underflow  of  the  Arkansas  Valley  in  westeni  Kansas:  Water-Sup.  and  Irr.  Paper  No.  153, 

r.S.  Geol.  Survey. 

Gives  results  of  oliservations  on  the  influence  of  fl<xKls  in  Arkansas  River  on  the  water  level  in 
wells  at  Garden,  Sherlock,  and  Deerfleld,  Ktins.,  in  the  summer  of  1901. 
SoYKA,  lRir>OR.    Die  Schwankungen  des  Gnmdwassers:  Penck's  Geographische  Abhandlungen,  vol. 
2,  pt.  8,  1888. 

Chapters,  " Die Bcziehungen  des Grundwa»«erH  zu  den  oberirdischen  Wasserliiuien,"  contains 
an  excellent  discussion  of  middle  Kun>i>ean  conditions. 
THOMA98AV,  Raymond.    GC'ologie  pmtique  dc  la  I^uisiane,  IHdO. 

Coiitjiins  an  entirely  fanciful  discussion  of  the  seciuige  of  the  water  from  Mississippi  River. 
ToDii,  jAMra  E.    Geology  and  water  resources  of  a  i»ortion  of  southeastern  South  Dakota:  Water-Sup. 
and  Irr.  Paper  No.  34,  U.S.  Geol.  Survey,  1900,  p.  29;  Bull.  South  Dakota  Geol.  Survey  No.  2, 1898, 
p.  116. 

Records  that  many  deep  wells  have  a  greater  discharge  when  Missouri  River  is  high,  and  sug- 
gest»«  that  the  increased  hydrostatic  pressure  checks  the  leakage. 
Vkatch.  a.  C.    Geology  and  underground  water  resources  of  northern  Louisiana  and  southern 
Arkansas:  Prof.  Paiwr  U.  S.  Geol.  Survey  No.  46. 

Records  fluctuations  of  water  level  in  artesian  wells  at  Fulton,  Ark.,  agreeing  with  stages  of 
Reii  River.  These  are  ascrilxjd  to  pressure  of  river  water  acting  at  the  outcrop  of  the  water- 
lM>aring  sands  in  river  Ix'd  several  miles  from  the  town.  This  probably  is  a  case  of  transmitted 
pressure,  the  blue  clay  over  tiic  water-ljearing  layer  acting  as  a  diaphragm  and  producing  fluctu- 
ations in  wells  near  the  river. 

FLUCTUATIONS  PRODUCED  BY  C^HANGES  IN  LAKE  LEVEL. 

Variations  in  lake  levels  of  whatever  cause  pnxluce  fluctuations  of  the  level  in  wells 
along  their  shores  (1)  by  checking  the  rate  of  outflow  when  the  ground  water  is 
draining. freely  into  the  lake  and  (2)  by  transmitted  pressure  and  deformation  as  in 
cK:ean  tides  described  lielow.  The  prensure  of  deep-Hcate<l  waters  might  also  Ix?  slowly 
affecte<l  by  the  weight  of  these<liment  depoi»ittMi  in  the  lake  l^eds.  This  would  tend 
to  er]ualize  itself  by  Imck  flow,  and  in  fHjrhaps  a  factor  of  no  great  imjK>rtance,  except 
when  considere<l  for  very  long  periwig.  King  has,  however,  obtained  a  flow  artifi- 
cially by  ordinary  sedimentation  in  a  tank." 

FLUCTUATIONS  PROI>UCED  BY  VARIATIONS  IN  THE  OCEAN  LEVEL- 
TIDAL  AVELI^S. 

As  ])artially  indicated  in  tlu^  references  on  page  67,  wells  and  springs  which  fluctuate 
witli  the  tide  have  Ixhmi  observed  on  nearly  all  coasts  and  under  many  different  geo- 
l«»gic  conditions.  These  fluctuations  are  produced  in  three  ways:  (1)  By  transmis- 
sion of  pressure  through  oi)en  cavities  or  passageways  affording  a  frt»e  communication 
lx?tween  the  wells  and  tiie  ocean;  (2)  l)y  a  checking  «»f  the  rate  of  <lischarge  of  the 
normal  ground-water  flow  tli rough  |)oroU8  beds  freely  connecting  with  the  ocean; 
and  (3)  by  a  deformation  of  the  strata  due  to  the  alternate  loading  and  unloading  of 
the  tides.  In  this  la>»l  case,  instead  of  leakage  being  an  important  factor,  as  it  is  in 
the  first  two,  the  fluctiiation.s  are  greater  the  more  nearly  complete  the  separation  of 
the  oceanic  and  ground  waters. 


aNiuelctiith  Aim.  Kept.  V.  .S.  Geol.  Survey,  i)t.  2,  IHW,  pp.  TlMSO. 
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FLUOTUATIOKS  PBODUOED  BT  J0HAKOE8  IK  RATE  07  OXTTTLOW. 

The  fii^it  two  classes  differ  more  in  the  rate  at  which  the  change  takes  place  and  the 
character  of  the  zone  of  influence  than  in  the  manner  in  which  it  is  produced.  If  the 
ocean  level  is  raised  the  first  effect  is  to  chei^k  the  velocity  of  outflow;  but  before  any 
change  occurs  in  the  level  of  near-by  wells  it  is  necessary  that  water  accumulate  at  the 
ix)int  of  observation  by  actually  flowing  in.  This  change,  then,  is  clearly  dependent 
on  the  same  factors  which  influence  the  rate  of  flow,  and  in  underground  caverra 
where  the  velocity  is  a  question  of  miles  per  day  this  accumulation  will  be  rapid, 
there  will  be  a  relatively  short  lag,  and  the  distance  from  the  shore  to  which  the  ri?e 
can  be  propagatcnl  before  the  water  begins  to  fall  will  be  comparatively  great  Its 
influence  will,  however,  be  restricted  to  wells  along  limited  lines,  following  the 
course  of  the  underground  passageway.  On  the  other  hand,  when  the  water  is  flow- 
ing through  the  interstices  of  porous  strata,  where  the  motion  is  one  of  feet  per  day 
instead  of  miles,  the  accumulation  will  be  slow,  the  lag  pro(>ortionately  greater,  and 
the  zone  of  influence,  while  not  extending  so  far  from  the  ocean,  will  perhaps  occopy 
a  larger  area,  because  of  its  uniform  distribution  along  the  coast.  When  the  ocean 
level  falls  the  reverse  will  occur. 

Where  there  is  considerable  velocity,  as  in  a  cavernous  opening,  the  velocity  of 
outflow  retards  the  effect  of  the  rising  tide  and  hastens  that  of  the  falling  tide  and 
there  is  then,  as  in  tidal  rivers,  a  greater  lag  at  low  than  at  high  water.  When  the 
outflow  is  slow,  as  from  porous  beds,  the  velocity  is  not  suflEicient  to  exert  a  very 
great  retarding  influence. 

The  fluctuations  in  i)orous  materials  along  the  seashore  are  clearly  the  same  in 
character  and  cause  as  those  occurring  under  similar  conditions  along  river  courses 
(see  p.  60),  and  the  same  great  time  lag  is  to  Im  expected.  The  difference  is  only  in 
the  very  regular  perio<lic  nature  of  the  oceanic  fluctuations.  Nearly  all  the  shallow 
ti<lal  wells  notic«<l  along  the  seacoasts  l)elong  to  this  class.  Such  are  clearly  the 
tidal  wells«  reported  near  Bombay  and  along  the  Malabar  coast;  at  Barren  Island, 
in  the  Andaman  Sea;  atPerim  Island,  in  the  Red  Sea;  at  South  Foreland  light-house, 
Kent;  the  shallow  wells  at  Seagirt,  N.  J.;  and  perhaps  the  wells  at  Newton  Nottage, 
Glamorganshire,  Wales,  and  Chepstow,  Monmouth,  England.  At  Perim  Island,  in 
shallow  pits  at  a  distance  of  60  to  300  feet  from  the  shore,  the  lag  is  such  that  the 
high  water  in  the  wells  appears  to  agree  with  the  low  water  in  the  ocean.  A  similar 
lag  is  reported  in  a  well  14  feet  deep  and  4(XJ  feet  from  tlio  river  at  Chepstow.  At 
Newton  Nottage,  where  a  shallow  well  500  feet  from  theo(rean  was  observed  by  Man- 
dan,  the  lag  is  but  three  hours. 

Experient'c  has  shown  that  wells  which  are  sunk  entirely  in  porous  beds  near  the 
seaconst  should  have  their  bottoiiis  about  midway  between  high  and  low  tide;  if  they 
are  deeper  there  is  generally  an  infiltration  of  salt  water.  Such  wells  are  commonly 
dry  at  low  ti<le,  but  frecpiently  furnish  good  supplies  of  fresh  water  at  high  tide,  a^ 
which  time  it  is  neeessary  to  obtain  all  tlie  water  use<l  for  domestic  and  other  pi**"' 
j)oseH. 

Wells  <le}>endent  on  underground  eavernous  oiKMiings,  sueh  as  re<iuire<l  bythefir*'*^ 
eas(»,  are  (piite  rare.     The  flMctuations  of  the  bvland  sprin^rs,  reported  by  Ilallan  *^^ 
Koueroy,  arc  ])erhaps  eoinn'('te<l  with  such  open  fissures,  though  any  opinion  fr«>'** 
the  data  |)resente<l  is  hut  a  hazard.     l*erha}>s  the  most  remarkable  occurremn^   ^ 
tidal  tluetuatiou  is  that  reported  at  Lille  in  an  artesian  well  at  the  citadel.     Th*^*^ 
fluctuations,  which  amount  to  0.41.')  moter,  are  referre<l  by  l»ailly  ''  to  the  tides  of  tl"**^ 
P^nglish  (  hannel,  30  miles  away,  with  a  time  lag  of  l)ut  eight  hours.     The  only  bj*^**" 
on  which  these  fhictiiations  can  now  be  explaine<l  is  a  supposition  of  a  relative?*' 
oi)en  conne(!tion  b<;tween  the  well  and  the  ocean,  which,  it  must  be  admitted,  i^ 
very  unsatisfactory  hypothesis. 

a. See  references,  pp.  67-60.  feComptes  rendiis,  vol.  14,  1812,  pp.  310-^14. 
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eides  the  shallow  wells,  depending  on  ordinary  porous  suriicial  beds,  there  are, 
;  and  near  the  seacoast,  many  deep  artesian  wells  which  show  tidal  fluctuations, 
lany  of  these  wells  there  are  c'. early  no  underground  caverns  involved,  the 
r-bearing  beds  being  ordinary  porous  strata  in  which  the  water  flows  through 
tmall  interstices  at  a  rate  to  be  expressed  in  feet  rather  than  miles  per  day,  and 
hich  accumulation  or  depletion  by  simple  flowage  will  be  correspondingly  slow. 
•e  is,  moreover,  every  reason  to  believe,  in  some  cases  where  there  are  thick  clay 
above  the  water-bearing  strata,  which  are  known  to  be  continuous  for  many 
*,  that  there  are  no  near  snboceanic  outlets  of  importance.  In  case  there  is 
'  ilistant  outlet  it  is  evident  from  the  slow  rate  of  change  shown  in  the  examples 
1  alK)ve,  where  there  was  a  sudden  increase  or  det^rease  in  the  volume  of  river 
r  ( pp.  60,  61 ),  that  the  fluctuation  produced  by  a  simple  checking  or  hastening  of 
ate  of  outflow  could  be  propagated  but  a  short  distance,  and  that  a  long  period 
ne  would  be  necessary  for  even  that. 

lere  is,  however,  in  the  case  of  waters  under  artesian  head  a  new  factor  intro- 
d  which  is  of  very  great  importamT.  The  pressure  of  the  artesian  water  exerte<l 
ist  the  retaining  cover,  which  may  be  assumed  at  present  to  V)e  clay,  tends 
Ejvate  it,  thus  placing  the  clay  under  an  upward  stress.  The  addition  of  any 
ht  on  the  surface  tends  to  disturb  the  e<|uilibrium.  If  there  is  no  outlet  and  the 
ht  is  applied  uniformly,  the  additional  weight  can  not  change  the  j)08ition  of 
portion  of  the  mass,  except  to  the  very  slight  degree  of  the  elastic  compressibility 
e  water  and  the  soil.  If,  however,  there  is  any  escape  for  the  confined  water, 
as  would  be  affonled  by  a  well  tube,  the  mass  will  yield  and  the  water  be  forced 

I  the  tul>e.  Were  the  clay  layer  j)erfectly  elastic,  or  in  the  condition  of  a 
L'hed  elastic  membrane  above  a  perfectly  mobile  bo<ly,  there  would  be  no  time  lag, 
the  water  in  the  well  would  exactly  follow  the  fluctuations  of  the  ocean  waters; 
the  clay  is  not  to  be  regarded  a,s  an  elastic  diaphragm,  and  the  water-bearing 

is  not  a  perfectly  mobile  Ixxly;  moreover,  for  such  a  deformation  to  be  felt  in 

II  water  must  be  transferred  from  one  i)oint  to  another,  and  this  involves  a  time 
ent.  The  deformation  is  essentially  a  plastic  one;  the  clay  yields  to  the  super- 
i  weight  and  the  water  is  lifted  in  the  well,  but  if  there  were  no  pressure  from 
w  the  clay  could  not  return  to  its  original  position.  In  the  case  of  tides  along 
joast  only  the  x)ortion  of  the  clay  layer  under  the  ocean  is  loaded,  and  that  load- 
s  a  progressive  one  from  a  distant  point  toward  the  shore.  The  effect  is  a  defor- 
on  in  which  the  clay  layer  is  depressed  under  the  ocean  and  elevated  under  the 
.  When  the  weight  is  removed  the  artesian  preasure  tends  to  reestablish  the 
x>nditions  of  equilibnim,  and  the  clay  layer  is  lifted  under  the  ocean  and  sinks 
jr  the  land. 

the  artesian  pressure  is  high,  compared  with  the  tide  when  the  ocean  water  com- 
ces  to  fall  after  high  tide,  this  ))ressure  lifts  the  clay  quickly  and  thus  tends  to 
ten  the  high-tide  lag  in  a  near-by  well;  as  the  tide  falls  the  high  pressure  enables 
:rlay  to  follow  the  tide  closely;  at  low  ti<le  the  artesian  pressure  is  clearly  in  the 
tidancy  and  the  clay  still  rising  in  the  ocean  area.  As  the  tide  begins  to  rise  it 
t  overcome  this  artesian  pressure  Ijefore  any  deformation  occurs,  and  the  rising 
e  in  the  well  therefore  lags  more  behind  the  ti<le  than  the  falling  curve.    Under 

conditions  the  high-tide  lag  is  less  than  the  low-tide  lag.  Conversely,  when  the 
lian  pressure  is  low  coin}»arcd  with  the  tide,  at  high  tide  the  feeble  artesian  pres- 

bnt  slowly  lifts  the  clay  weight  and  the  lag  is  long;  at  low  tide,  when  the  clay 
hragm  is  high,  xhv  greater  tidal  weight  quickly  overcomes  the  feeble  resistance  of 
irtesian  water  and  the  lag  in  short;  it  may  then  happen  that  the  low-tide  lag  will 
?«8  than  the  high-ti<le  lag."     Jt  is  evident  that  lK?tween  the  two  extremes  thus 


'Is  plastic  deformation  should  not  ]>r  coufusi'd  with  the  elastic  deformation  of  the  earth  which 
In  has  considered  m  hi^  calculatimis  of  the  effect  of  tides  on  seacoasts.    He  ass\un»&  \.V^\.>Xv^ 
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indicated  there  are  all  possible  variations,  and  that  the  thickness  and  plasticity  of  the 
beds  alxjvo  the  water-l)earing  layers  are  important  modifying  factors.  The  floctoi- 
tion  in  a  well  in  such  cases  does  not  furnish  an  exact  measure  of  the  amount  of 
deformation;  it  furnishes  only  a  fair  indication  of  the  variation  in  pressure  at  the 
particular  point  at  which  the  well  is  sunk. 

The  maximum  effect  is  felt  at  the  seacoast  near  low-tide  mark  and  gradually 
decreases  inward,  disappearing  in  a  few  miles.  It  is  less  if  there  is  leakage  from  sub- 
ocean  springs,  for  in  such  cases  the  escape  of  the  water  decreases  that  available  for 
the  elevation  of  the  water  in  the  tube. 

On  Ix)ng  Island  the  tidal  fluctuations  observed  in  the  wells  at  Huntington,  Oyster 
Bay,  Long  Beach,  and  Douglaston  are  clearly  of  this  character,  all  depending  more 
on  the  deformation  of  the  overlying  layer  through  tidal  load  than  on  changes  of  dis- 
charge in  leakage.  At  Huntington  (p.  10),  Oyster  Bay  (p.  13),  and  Douglaston 
(p.  25)  the  lag  is  greater  at  low  than  at  high  tide,  as  would  be  expected  from  the 
great  head  and  shallow  depths,  while  at  Long  Beach,  where  the  head  is  low,  the 
water-bearing  sand  fine,  and  the  thickness  of  overlying  strata  great,  the  reverse  is 
true  (p.  19).     The  Oyster  Bay  observations  give  the  following  values: 


Summary  of  observalions  on  tidal  wells  at  Oyster  Bay,  N.  Y, 


Well. 


Casino  ... 
Burgess . . 

Lee 

Underhill 


Depth. 

Distance 
from  ordI- 

Low-water 

Fcei. 

Feet. 

MiniOei. 

93 

In  water. 

12.6 

IM 

50 

83.4 

188 

100 

68.0 

114 

500 

75.6 

High-water 
lag. 


Minute*. 

8.0 
24.7 
42.0 
71.8 


It  will  be  noticed  that  the  lag  here  increased  with  the  distance  from  the  shore, 
and  that  the  low-water  lag  increa8e<^l  iiiore  rapidly  with  depth  than  the  high-water 
lag.  The  cause  of  the  very  small  difference  between  the  high-  and  low-water  lags  in 
the  Underhill  well,  the  one  farthest  from  the  shore,  is  not  clear,  but  it  is  apparently 
related  to  the  lessening  of  the  tidal  influence  with  the  increasing  distance. 

The  Long  Beach  well  is  affected  Imth  by  the  tide  in  the  ocean  and  in  the  channels 
behind  it,  the  curve  being,  as  would  be  expected,  a  simple  resultant  of  the  two 
stresses.  Because  of  the  shallow  bars  at  the  openings  the  irregularity  in  the  height 
of  the  inner  low  tide  is  k*s8  than  in  the  ocean,  and  the  effect  of  this  difference  is 
shown  in  the  greater  regularity  of  the  low-tide  heights  in  the  well  than  in  the  ocean 
(PI.  IV,  p.  20).  Here  the  high-tide  lag  is  one  hour  and  nineteen  minutes  and  the 
low-tide  lag  forty  minutes,  when  compared  with  the  ocean,  while  compared  with  the 
tide  })ehin(l  the  bar  the  high-tide  lag  is  practically  nothing  and  the  low-tide  lag  is 
nearly  two  hours. 

To  this  siuiK'  cla.»<s  belong  nearly  all  the  deep  artesian  wells  along  the  seacoast 
which  fhii'tuato  with  the  tide.  The  phenomenon  observed  is  the  result  of  actoal 
deformation,  an<l  the  occurrence  of  tidal  fluctuations  in  deep  wells  does  not,  as  has 
been  commonly  Buj)pose<l,  prove  a  connection  l)etween  the  water-bearing  strata  and 
the  oct*an.     Kxainples  of  this  type  are  affordeil  by  the  deep  wells  along  the  New  Jer- 

earth  lia.^  an  elasticity  ••qual  to  twice  that  of  the  siiffest  glass,  and  the  elastic  compression  produced 
by  loading  a  splierc  of  such  material  of  ttie  same  size  as  th<>  earth  with  a  tide  ol  d  feet  is  calculated 
on  the  Mipi>o».itiori  that  the  ocean  is  in  the  shape  of  a  narrow  canal  AcconliiiK  to  this  the  tides  on 
the  .Atlantic  coa^t  may  cause  the  land  lo  rise  and  tall  as  much  us  .'>  inclu's  ."^cc  Darwin.  G.  H.,  On 
variations  in  tfie  vertical  due  to  elasticity  of  the  earths  suriace:  lint.  .Vsv;«»c  lU'pt..  1882.  p.  388;  Phil. 
Mas  .  5iti  ser.  vol.  H.  \mi.  pp.  409-127.  The  Tides.  Boston  ami  .New  York  lS9.s.  pp.  139-143,  quoted 
by  Milne,  J.,  Nature,  vol.  38,  1883,  p.  3t>7,  Seismology,  LAmdon.  1S98.  pp.  23G-237. 
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sey  coast,  the  wells  at  Pensacola,  Fla.,  the  deep  wells  at  Greenwich  Hospital,  Lon- 
don, and  the  wells  along  the  Lincolnshire  and  Yorkshire  coasts. 

Shelfonl«  has  presented  a  very  clear  diagram  of  the  conditions  on  the  Lincolnshire 
coast.  This  shows  overflow  springs  occurring  at  the  top  of  a  porous  layer  and  the 
base  of  an  irapenious  one,  and  the  relation  between  ordinary  overflowing  and  tidal 
wells,  all  depending  on  the  same  strata.  Here,  as  is  almost  universally  the  case,  the 
tidal  wells  occur  only  on  the  shore,  and  the  wells  2  and  3  miles  inland  are  not 
affected.  In  explaining  the  phenomenon  Shelford  supposed  that  the  water  found 
an  outlet  in  Silver  Pit,  a  deep  hole  in  the  ocean  bed  about  18  miles  from  the  coast, 
which  he  has  represented  in  his  drawing  as  the  ground- water  outlet,  and  that  changes 
in  level  in  the  discharge  produced  the  tidal  fluctuations.  Such  a  simple  change  in 
the  rate  of  discharge  could  affect  the  wells  18  miles  distant  only  if  there  were  a  large 
open  cavernous  connection.  That  there  is  no  such  cavern  is  shown  by  the  fact  that 
the  effect  diminishes  very  rapidly  in  passing  inland,  entirely  dying  out  in  2  miles. 
There  is  no  reason  why  the  effect  should  be  propagated  18  miles  to  the  coast  and  then 
suddenly  cease,  when  tidal  wells  of  the  same  character  penetrating  a  thick  clay  bed 
and  obtaining  water  in  the  upper  porous  layer  of  the  chalk  occur  along  the  whole 
Lincolnshire  and  Yorkshire  coast.  In  many  cases  springs  near  the  coast,  deriving 
their  supply  from  the  water  beneath  the  clay,  are  likewise  tidal.  The  cause  of  this 
phenomenon  in  the  Bridlington  Quay  wells,  Yorkshire,  was  correctly  given  by  Inglis 
in  1817.  He  recognized  in  the  clay  layer  a  moving  diaphragm  affected  by  the  tidal 
pressure  from  above  and  the  artesian  pressure  from  below* 
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ANONYMOUS.    London  Athenseum,  August,  1860;  Jour.  Franklin  Inst.,  vol.  72, 1861,  pp.  809-310. 

States  that  tides  in  wells  near  the  sea  are  universal,  and  records  their  occurrence  about  Bom- 
bay and  along  the  Malabar  coast  wherever  the  material  dug  through  is  porous.  Wells  dug  in 
trap  rock  are  not  tidal. 
Bailly.  Rapport  sur  les  variations  observ^es  dans  la  d^pense  du  puits  art^sien  de  I'hdpital  militaire 
de  Lille  et  dans  les  hauteurs  de  la  colonne  d'eau  quand  on  a  interrompu  I'^coulement:  Comptes 
rendus,  vol.  14,  l»i2,  pp.  810-dl4. 

Gives  observations  showing  that  fluctuations,  having  a  range  of  0.415  meter,  are  clearly  tidal 
and  occur  eight  hours  behind  the  tide  on  the  adjacent  coast  between  Dunkerque  and  Calais. 
Reports  that  tidal  wells  also  occur  at  Noyelle-sur-Mer,  D4partement  de  la  Somme,  and  at  Pul- 
ham,  London,  England. 
BRAiTHWArrE,  Fredrick.    Min.  Froc.  Inst.  Civil  Eng.,  vol.  9, 1850,  p.  168;  vol.  14, 1855,  pp.  507-522. 

"At  Greenwich  Hospital,  London,  the  land  springs  ebb  and  flow  2  feet  6  inches,  the  sand 
springs,  8  feet,  and  the  chalk  springs,  4  feet  6  inches  every  tide.*'    The  total  depth  of  the  chalk 
well  referred  to  is  149  feet. 
Christie,  James.    Jour.  Franklin  Institute,  vol.  101, 1901,  p.  193. 

Reports  fraih-water  well  near  shore  which  fluctuates  with  the  tide. 
Clutterbuck.  James.    Min.  Proc.  Inst.  Civil  Eng.,  vol.  9, 1850,  p.  170. 

Explains  tidal  fluctuation  in  wells  on  basis  of  leakage  between  high-  and  low-tide  marks. 

Min.  Proc.  Inst.  Civil  Eng.,  vol.  14,  1855,  pp.  510-511. 

Wells  at  Ramsgate,  England,  ure  sunk  to  half-tide  level.  These  begin  to  fall  at  half  tide,  are 
dry  at  low  tide,  and  begin  to  rise  at  half  tide  on  the  flood. 

Mm.  Proc.  Inst.  Civil  Eng.,  vol.  19, 1860,  p.  33. 

Reports  that  wells  at  Portsmouth,  England,  are  tidal,  and  concludes  that  this  proves  a  firee 
connection  with  the  sea. 
Desaguliers,  Rev.  J.  T.    An  attempt  to  account  for  the  rising  and  falling  of  the  water  of  so:!ne 
ponds  near  the  sea,  etc.    Trans.  I*hil.  S<)C.  London,  No.  384,  vol.  33,  1724,  p.  132;  Trans.  Phil.  Sue. 
London  from  1665-1800  (abndged).  vol.  7. 1809.  pp.  39-41. 

Reports  well  at  Greenhithe  in  Kent,  between  London  and  Gravesend,  which  appears  to  fluctu- 
ate inversely  with  the  tide.    This  be  explains  by  imagining  a  natural  siphon. 
I>ouGLAS,  James  Nichow.    Mm.  Proc.  Inst.  Civil  Eng.,  vol.  47,  1879,  p.  88. 

Chalk  well  at  South  Foreland  light-hou.sc,  Kent,  England,  283  feet  from  face  of  clifT.  '2S0  feet 
deep,  with  bottom  level  with  half  tide,  has  a  peculiarity  common  to  many  wells  of  this  region  in 
that  It  Is  dry  at  low  tide  and  fliled  with  pure  spring  water  at  high  tide. 


aShelford.  W.,  Min.  Proc.  Inst.  Civil  Eng.,  vol.  90,  1887,  p.  69. 


68  FLUCTUATIONS    OF   THE    WATER   LEVEL   IN    WELLS. 

Frazer,  Persifor.    Notes  on  fresh-water  wella  of  the  Atlantic  beach:  Jour.  Franklin  Inst..  1890. toL 
130,  p.  iSl. 

lie{>orts  well  at  Sea  Girt,  N.  J.,  39  feet  dtH?p,  which  rises  and  falls  with  tide  in  ocean  150  Ie« 
diMtant. 
Hallan  de  RorcROY.    Coraptes  rendus,  vol.  12, 1841,  pp.  1000-1001. 

States  that  well  at  Lille,  France,  shows  tidal  fluctuations. 
HrxTON,  rapt.  F.  \V.    Tmns.  and  Proc.  New  Zealand  IiipI.,  1895,  vol.  28,  1896.  p.  656. 

States  that  artesian  wells  at  New  Brighton  are  affected  by  the  tide. 
iNcjLis.  (iAViN.    On  the  cause  of  ebbinp  and  flowing  springs  [at  Bridlington,  Yorkshire]:  Phil.  Mag., 
vol.  TH),  1S17.  pp.  81-83. 

"  When  the  recess  of  the  ocean  lessens  the  pressure  upon  the  upper  surface,  the  hydraulic  pres- 
snre  on  the  under  stratum  must  rai.'*e  the  whole  mass  in  proportion  as  the  force  is  superior  to  the 
resistniice.    The  return  of  the  tide  brings  with  it  the  weight  and  altitude  of  its  mass  of  water  and 
acts  on  the  flexibility  of  the  clay  as  a  pressure  would  on  a  hydraulic  blowpipe." 
KiNu,  Franklin  H.    Fluctuations  in  the  level  and  rate  of  movement  of  ground  water  Bull.  U.S. 
Weather  Bureau  No.  5.  1892,  i)p.  52-/>3. 
Suggests  that  tidal  fluctuations  may  be  produced  in  wells  by  coastal  deformation. 
MXndan.  II.  G.    Note  on  ebbing  and  flowing  well  at  Newton  Nottage  [Glamorganshire,  Wales]:  Aha. 
Pn>c.  Geol.  Soc.  Ix)ndon,  1898,  pp. 85-86;  Natun>.  vol.  58,  1898.  pp.  45-16. 
Shallov*  well  nOO  yards  from  shore  ebbs  and  flows  with  the  tide;  lag  about  three  hours. 
Mai.lkt,  F.  R.    Ebbing  and  flowing  wells:  Nature,  vol.  58,  1898,  p.  104. 

Shallow  wells  in  volcanic  ash  on  Barren  Island,  Andaman  Sea.  show  tidal  fluctuations  clearly 
due  to  retardation  of  leakage. 
McCallik,  S.  W.    a  i)reliminary  rejjort  on  the  artesian-well  systems  of  Georgia:  Bull.  Geol.  Survey 
Georgia  No.  7,  1898,  p.  112. 

Reports  thn'e  artesian  wells  at  Tybee  Island,  near  Savannah,  Ga.,  240  feet  deep,  one  of  which  is 
HlTe<;tcd  by  the  ti<le. 
Mooke.  II.  ('.    A  well  intermitting  inversely  with  the  ebb  and  flow  of  the  tide:  Trans.  Woolhope  Na^ 
urnlists  Fiehl  Club.  I>s92,  pp.  2:J-24:  Jour.  Manchester  Geol.  Soc.,  vol.  10, 1894,  pp.  228-224. 

Well  at  Chepstow,  Monmouth,  fluctuates  inversely  with  the  tide.    Shallow  pits  on  Perim  Island, 
Straits  of  Bab  el  Mandeb,  Red  Sea.  20  to  100  yanls  from  shore,  are  full  of  fresh  water  at  low  tide, 
empty  at  high  ti(ie;  explained  on  basis  of  time  requinni  for  flltration. 
Pearson,  Rev.  W.    Observations  on  .some  remarkable  wells  near  the  seacoast  at  Bri^hthelmstone 
and  other  places  contigm»us.    Jour.  Nat.  Phil.  Chem.  Arts,  vol.  3,  1802.  pp.  65-69. 

States  that  shallow  wells  at  Brighton  fluctuate  with  the  tide,  but  with  a  lag  of  two  hours.    He 
a.scribes  the  fluctuation  to  retardation  of  leakage. 
Pliny  the  Elder.    (Oaius  Plinius  Secundu.'*.)    Ilistoria  Naturalis,  lib.  2,  cap.  106:  (Pliny's  Natural 
History.  Bostock  and  Riley's  translation,  vol.  1.  1S87.  pp.  134-186). 

"  There  is  a  small  island  in  the  sea  opposite  the  river  Timavus,  containing  warm  springs  which 
increase;  and  decrease  at  the  same  time  with  the  tide  of  the  sea." 
RivifcRE.    Comptes  rendus,  vol.  9,  1839.  p.  553. 

Spring  at  (Jivre,  canton  Montiers-h»s-Maux,  fluctuates  with  tide. 
Robert,  K.    Comptes  rendiis.  vol.  14,  1842.  pp.  417-418. 

Reports  that  springs  near  Budcr,  Ohifsen,  and  Paulsen,  Iceland,  ebb  and  flow  with  the  tide. 
RoBEiiTs,  Isaac.    On  the  attniciive  influence  of  the  sun  and  moon  causing  tides  ...  in  the  undo^ 
ground  water  in  porous  stmta:  Rept.  Brit.  Assoc.,  1883,  p.  405;  see  also  Proc.  Liverpool  Oeol.  Soc, 
vol.  4,  pt.  3.  18'<1,  pp.  233-23t>. 

Reports  that  in  a  well  sunk  in  Triassic  sandstone  in  which  the  water  rose  60  feet  above  sea  level, 
ttutognipliic  records  .vihowed  st>lar  atni  lunar  tides.     (See  p.  69. ) 
Shei.fori),  W.     Min.  Frw.  Inst.  Civil  Eng..  vol.  90,  1887,  p.  68. 

DescriU's  wells  200  feet  deep,  on  the  North  Sea,  near  Louth.  Lincolnshire,  which  fluctuate  8 
feet  with  spring:  tides. 
SiNCL.MK,  W.  F.     Kbbiug  and  flowing  wells:  Nature,  vol.  5H,  1898,  p.  52. 

Describes  well  at  Alibag.  near  Bombay,  in  sand  dunes  about  25  yards  from  high-tide  mark, 
which  fiiietuated  with  the  tide  after  heavy  rains  when  the  ground  water  level  was  high.  Tide 
in  well  occurred  later  than  that  in  ocean. 
Stohkk.  Dr.  .John.  On  an  ebljing  and  flowing  stream  discovered  by  »)oring  in  the  harbor  of  Brid- 
lington [Yorkshire]:  Phil.  Trans.,  vol.  10r>.  pt.  1.  1815,  pp.  .">-l-5'.»;  Phil.  Mag.,  vol.  45,  1815,  pp.  432- 
i:i(). 
S.,  W.    On  ebbing  and  flowing  springs:  I'hil.  Mag.,  vol.  .tO,  1817.  p.  2r>7. 

Stales  that  wells  near  Hull  under  conditions  snnilar  to  those  at  Bridlington  are  not  tidal. 
Trautwink,  .1.  C.,  jr.    .Jour.  Franklin  Itjsi.,  vol.  Til.  1901.  pp.  193-194. 

Kxplains  tidal  wells  on  ba>i*<  of  free  discharge  in  ocean,  as  from  an  open  lube;  changes  In  pres- 
sure at  discliarfje  change  water  level  in  wells  as  if  they  were  piezometers  along  a  conduit. 
TRiBfs.  L.  L.     Trans.  .\ni.  Soe.  <'ivil  Kiig.,  vol.  30.  1H<«.  p.  r.9.=>. 

Mentions  tiihil  fluctuations  in  wells  at   I'ensacola.  Fla..  li  miles  from  the  .^liore  front,  4  to  6 
inches  in  diameter,  and  from  00  to  2>^)  feet  deep.    Water  rises  li".  to  17  feet  above  sea  level  and 
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fluctaatei»  6  to  10  inches  daily  with  the  tide.    He  siipposies.  therefore,  that  they  tap  subterranean 
rivers  which  have  free  connection  with  the  ocean.     Note:  The  tides  at  Pensacola  are  rather 
irre^ilar.  with  a  small  semidiurnal  and  large  diurnal  value,  and  it  is  quite  possible  that  a  pf)rtion 
of  the  fluctuation  observed  is  due  to  barometric  and  thermometric  changes. 
Verm  EC  LE,  C.  C.    Water  supply  for  wells:  Ann.  Rept.  New  Jersey  Geol.  Survey  for  1898,  1899,  p.  163. 

States  that  many  wells  along  the  coast  of  New  Jersey  show  tides  corresponding  in  period,  but  not 
in  time  of  (K*currence,  with  the  tides  of  the  ocean,  and  with  a  smaller  range. 
Wood,  James  G.    Jour.  Manchester  Geog.  Soc.,  vol.  10, 18W,  pp.  237-239;  Abs.  Proc.  Geol.  Soc.  London, 
1898,  p.  86. 

Reports  well  near  that  described  by  H.  C.  Moore  (see  alx)ve),  and  suggests  that  well  is  fed  by 
water  coming  along  fault,  which  passes  under  the  river;  that  at  high  tide  this  fault  is  closed, 
cutting  off  supply,  and  at  low  tide  opens  again,  allowing  an  influx:  and  that  therefore  well  fluctu- 
ates inversely  with  tide.  (Note:  A  simple  leakage  would,  on  account  of  slow  propagation  of 
change,  explain  the  phenomena  quite  as  well,  and  more  naturally.) 
WooLMAN,  Lewis.  Artesian  wells  in  New  Jersey:  Ann.  Rept.  New  Jersey  Geol.  Survey  for  1898, 1899, 
pp.  76,  78,  79. 

Records  that  the  height  of  water  in  many  artesian  wells  along  the  New  Jersey  coawt  fluctuates 
with  the  tide.  At  Ventor  fluctuations  were  noted  in  a  well  813  feet  deep,  which  had  a  range  of 
"I  to  141  inches,  and  a  lag  of  approximately  forty-five  minutes.  Similarly  at  Avalon,  in  a  well  925 
feet  deep,  the  fluctuation  observed  had  a  range  of  from  104  to  l.'Sj  inches. 
YoiSG.  Rev.  G.  and  J.  Bird.  A  Geological  Sur^-eyof  the  Yorkshire  Coast.  4°.  Whitby.  1822;  2ded., 
1828. 

Ebbing  and  flowing  springs,  Bridlington,  pp.  22-24:  intermittent  springs,  pp.  27-28. 

TIDES   IX    THE    GROUND    WATER    PRODUCED    BY    DIRECT   SOLAR  AND 

LUNAR   ATTRACTION. 

The  ground  water  has  not  an  extended  level  surface  like  the  ocean,  where  the 
tides  range  from  nothing  to  50  feet,  or  even  the  Great  Lakes,  where  the  tidal  fluctua- 
tion i^  but  a  few  inches.  The  gn^und-water  table  is  comparatively  level  only  over 
areas  which  are  but  a  fraction  of  the  size  of  the  (Jreat  Lakes,  and  direct  ground- 
water tides  would  be  of  extremely  small  size.  It  seems  quite  unlikely,  therefore, 
that  the  fluctuations  in  the  Maghull  (Liverpool)  well  are  due  to  direct  solar  and 
lunar  attraction,  as  Roberts"  suggests,  but,  a^  King'*  has  already  pointed  out,  are 
rather  to  be  ascribed  to  the  action  of  the  ocean  tide.s  on  the  near-by  coast. 

FLUCTUATIONS  DUK  TO  GEOLOGIC  CAUSES. 

In  regions  of  abundant  rainfall  the  ground-water  table  is  but  a  subdued  reflection 
of  the  surface  topography,  and  any  changes  in  the  toiwgraphy  will  therefore  change 
the  iKJsition  of  the  ground-water  table.  If  a  stream  valley  is  filled  by  sedimentation, 
the  ground  water  is  raise<l  over  the  whole  tributary  area  up  to  the  ground-water 
divide;  if  the  stream  valley  is  eroded,  the  water  level  is  in  like  manner  lowered. 
Similarly,  if  a  lake  is  produced  by  a  landslip  or  destroyed  by  the  erosion  of  its  outlet, 
or  the  ocean  level  is  changed  by  orographic  movementj»,  the  ground-water  taVjle  like- 
wise is  changed.  To  these  broad  generalizations  certain  exceptions  are  to  be  men- 
tioned. If  a  river  is  intrenched  in  an  impervious  layer  overlain  by  porous  strata,  it 
is  evident  that  the  position  of  the  imi)ervious  \)ed  in  the  bank,  when  the  water  level 
in  the  river  is  below  it,  is  the  factor  which  determines  the  position  of  the  ground- 
water table.  A  stream  may  thus  lower  its  bed  without  affecting  the  adjacent  ground 
water.  Examples  of  this  kind  are  found  in  the  Isar  at  Munich  and  the  Salzach  at 
Salzburg,  lx)th  of  which  have  deepened  their  l)eds  in  recent  times,  due  to  regulating 
works,  without  lowering  the  a<ljacent  ground  water,  because  the  deepening  was 
entirely  in  imper\'ious  material.^ 

Solution  and  deposition  by  percolating  waters  may  cause  a  gradual  depression  or 
elevation  of  the  water  level;  solution,  by  increasing  the  porosity  and  consequent  rate 
of  flow,  will  enable  quite  a  (luantityof  water  to  escape  along  certain  Hues  and  so  lower 
the  water  level;  deposition,  in  an  opposite  way,  will  raise  it. 


o  Roberts.  Isaac,  Rept.  Brit.  AfWK\  1S83.  1884.  p  -lOft. 

*>King.  Franklin  H..  Bull.  ('.  .«i.  WeatluT  Bureau  No.  5,  ISd^.  p.  54. 

eSoyka,  Peuck's  Geogmphiscbe  Abhnndlungen,  vol.  2,  pi.  3,  Wien.  1888,  pp.  60,  63. 
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In  regions  where  the  rainfall  i^  low  and  the  ground-water  table  is  below  the  lev^ 
of  the  rivers  changes  in  toiK)grai)hy  naturally  have  little  effect,  except  where  the 
erosion  is  sufficient  to  cut  the  ground-wat^^'r  ta])le.  Generally  in  such  regions  t.be 
rivers  contribute  to  the  ground  water  by  seepage,  and  the  amount  so  contribat^tl 
becomes  small  when  the  conditions  are  favorable  for  the  deposition  of  silt  with  whid* 
the  rivers  planter  up  their  beds.  During  flood  periods  the  rivers  scour  out  the  ^ril* 
and  again  allow  the  percolation  of  wat^r. 

Earthquakes  may  produce  fluc^tuations  due  to  several  causes:  Small  fiuctuatio^w 
may  result  directly  from  the  earth's  tremors;  a  deformation  without  faulting  um^slz 
produce  changes  in  pressure;  and  faulting  may  make  new  ground- water  outlets  whE  ^^1 
will  cause  the  water  in  neighboring  wells  to  rise  or  fall  acconling  to  their  relation  "t^ 
the  faulting. 

Geyser  phenomena  may  produce  both  periodic  and  irregular  fluctuations  of  t  ^Bn 
water  level,  and  Slichter  has  suggested  that  the  iH»culiar  periodic  fluctuations  at  IT  '^ 
sino  Stiition,  New  South  Wales  (p.  76) ,  may  be  due  to  such  a  cause. 

In  this  connection  it  nmy  be  well  to  refer  to  the  hypothetical  siphon,  or  TantalB-:» 
cup  arrangement,  which  the  old  philosophers  gave  as  an  explanation  of  intermitt^s-^ 
springs, «  a  theory  which  has  survived  in  Houston's  Physical  Geography,  a  work  st  5 
used  in  the  high  schools  in  some  parts  of  this  country.  ^  From  a  geologic  8tarm.< 
point  the  existence  of  such  a  siphon  arrangement  as  this  theory  postulates  may  Tt 
regarded  as  almost  impossible  because  of  the  difliculty  of  finding  an  air-tight  pa8Ba^^<« 
The  fluctuations  are  now  known  to  be  due  in  many  cases  to  causes  notunderstoodat  t-  "Mi 
time  this  hypothesis  was  advanced,  and  in  the  light  of  our  present  knowledge  .aa 
intermittent  spring  depending  on  a  natural  siphon  for  its  action  would  \ye  regardt^ 
as  a  most  exceptional  phenomenon.  It  would  be  necessary  to  do  more  than  prc^^ 
that  a  spring  or  well  ebbs  and  flows  to  establish  the  existence  of  such  a  siphon.  • 

FLUCTUATIONS  PRODUCED  BY  HUMAN  AGENCIES. 

EFFECT   OF    SETTLEMENT,    I>EFOIlESTATIOX,    AND    CULTIVATION  ^0>2 
THE  LEVEL  OF  WATER  IN  WELLS. 

It  is  well  known  that  many  hillt^ide  springs  throughout  the  entire  eastern  Uni  tec 
States  which  furnished  water  when  the  country  was  fir^t  settled  are  now  dry,  tlial 
large  areas  of  former  marsh  land  are  now  in  cultivation,  and  that  streams  on  wImcIi 
boats  plied  in  the  early  days  are  no  longer  navigal)le.  The  rainfall  records  do  not 
indicate  that  there  have  l)een  any  radicAl  climatic  changes,  and  the  changes  are  clesLrly 
the  result  of  human  cx^cupation.  <' 

Part  of  this  is  due  to  the  fact  that  large  areas  have  l)een  artificially  drained  by 
tiles,  ditches,  or  absorption  pits;  beaver  <lams  and  other  stream  obstructions,  sucb  ^ 
theCireat  Red  River  Raft,  have  been  removed,  with  the  consequent  drainage  of  grea^ 
or  less  areas/'  Some  of  the  hillside  springs  have  merely  been  buried  as  the  Bou 
washe<l  in  from  the  surrounding  lands,  while  others  have  been  affected  by  the  drainage 
of  the  lower  lands.  ^ 

Different  kinds  of  vegetation  use  different  amounts  of  water  -"  and  affect  the  surfa<* 


a  See  Regiuiiilt,  IVtc,  Phil.  Conversntions.  vol.  2.  roiivorsiilion  6;  Decliales.  Tract.  17  de  FontibW 
Nuturjilibus.  etc.:  Desiiguliers,  Kev.  .1.  'J ..  Trans.  Phil.  S<k\  London,  No.  ;«4,  vol.  83,  1724  (abridf^ 
edition  Trans.  1606-lWO.  v«)l,  7.  pp.  .sy-ll);  Atwell,  .lo.-^eph.  Trans.  Phil.  .'^oe.  London.  No.  424,  vol.  87, 
1732  (abridKcd  edition  Trans.  Ui(>5-180(),  vol.  7,  pp.  .Ml-.^-Tij). 

'»  For  a  more  reeent  sug^i'^^tion  oi  the  wime  theory,  see  knightlv,  T.  L.,  (Jeol.  Mag.,  n.  ».,  decadei 
vol.  r..  is\)H,  pp.  :W3-:tt4. 

«-Sei',  in  tins  conneetion,  King,  Fnmklin  IL,  Bull.  V.  H.  Weather  Bureau  No.  5.  1892,  p.  42;  Une, 
Alfre<l  ('..  Water-Sup.  and  Irr.  Paper  No.  'M,  V.  S.  (ieol.  Survev,  lKin»,  pp.  '>4-<VJ. 

tiProf.  Papi-r  V.  S.  (ieol.  Survey  No.  4ii.  P.KJCi. 

«The  literature  on  the  amount  of  water  transpired  from  plants  and  evaporated  from  the  ««th 
under  dilT«Tenl  conditions  is  very  exien^'ive.  but  the  results  are  neither  readily  comparable  nw 
readily  aipplieable  to  natural  conditions,  because  of  the  dilTerin^'  and  in  many  cases  unnatural  cona- 
tions under  which  thcMj  experiments  have  been  tried.  For  a  review  of  the  literature,  see  HarringtOD. 
M.  W.,  Review  of  forest-meteorology  observations,  and  Fernow.  B.  F  ,  Relation  of  forest  to  vrattt 
siipply;  Bull.  Biireau  of  Forestry,  l".  S.  I)ej»t.  Agric.  No.  7.  ls7:i:  Ltieger,  Otto.  IHe  Wa-SHervcrHorffunf 
df-r  S/ufJfr:  Dor  sUt'Hiscyie  Tiefbau,  B<1.  II,  pi».  17r>-177,  li^l-2u:>.  bibliographv,  pp.  143-Hil;  Wollny 
Kufi]d,  Kxpt.  StHtion  Record,  vol.  4.  isv^ii.  pp.  r>-.n-.W,V.  Kmu,  ¥.U.,  V\\«^m\\,\^cnn  Xott,  1896,  Drainage 
aud  Jrrw/ttion,  Sow  York,  l»\.t9. 
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evaporation  in  different  ways,  and  a  change  in  tiie  plant  covering  or  crop  over  large 
areas  may  clearly  result  in  a  broad  elevation  or  lowering  of  the  water  level.  Simi- 
larly, certain  nietho<l8  of  cultivation  conserve  more  moisture  than  would  find  itn  way 
into  the  ground  under  certain  natural  conditions,  while  others  allow  large  quantities 
to  flow  off  the  surface.  Fertilizers  and  manures  affe<*t  the  rate  of  percolation  in  dif- 
ferent ways;  some  greatly  hasten  and  others  retanl  the  percolation  of  the  soil  water. 
The  relation  of  cultivation  to  the  position  of  the  ground  water  is  therefore  very  com- 
plex»  and  it  is  clearly  possible  to  have  different  results  on  adjacent  fields.  In  regard 
to  the  effect  of  forested  areas  on  percolation  it  should  be  pointed  out,  on  the  one 
hand,  that  (1)  a  portion  of  the  rain  water,  varying  from  8.5  to  59  per  cent  a  of  the 
yearly  rainfall,  is  caught  in  the  crowns  of  the  trees  and  is  evaporated  without  reach- 
ing the  ground;  (2)  the  absorption  capacity  of  the  forest  litter  and  moss  is  great,  and 
water  can  be  contributed  to  the  ground  water  only  after  this  is  saturated;  while  the 
evaporation  from  this  surface  is  slow,  it  is  to  be  considered  evaporation  from  a  satu- 
rated surface,  and  the  net  result  may  be  greater  than  from  a  region  where  the  water 
sinks  rapidly  into  the  ground;  (3)  the  old  litter  or  humus  is,  according  to  the  experi- 
ments by  Riegler,  El)ermeyer,  and  Wollny,  practically  impervious,  and,  while  the 
fresh  litter  may  al)sorb  large  quantities  of  water,  the  impervious  humus  or  rotted  lit- 
ter prevents  the  water  from  reaching  the  ground  water;  (4)  the  roots  of  the  trees  in 
some  cases  draw  from  ground  water  that  is  entirely  out  of  the  reach  of  ordinary  field 
plants.  Moreover,  the  direct  observations  of  Ototzky  ^  and  Henry  and  Tolsky  ^  yield 
the  positive  result  that  in  Russia  and  France  the  level  of  the  ground  water  is  decidedly 
lower  under  forests  than  under  cleared  lan<i.  The  results  of  Ototzky's  observations 
are  summarized  in  the  Experiment  Station  Record  in  the  following  wordg: 

This  is  a  translation  from  the  Russian  jfiving  the  results  of  a  hydrological  survey  in  the  steppes 
rei^ion.  The  conclusion  is  reached  that,  physico-geographical  conditions  being  the  same,  the  level 
of  ground  water  is  lower  in  forests  than  in  adjacent  steppes  or  in  general  in  neighboring  opi^n  spaces. 
The  level  falls  as  forests  are  approached,  the  fall  sometimes  being  ver>-  sudden,  and  it  is  more  marked 
in  case  of  old  forests  than  new. 

On  the  other  hand,  it  should  l^  pointed  out  that  the  stream  flow  from  forested 
regions  is  more  constant  than  fn>m  unforested  ones,'^  and  as  this  is  to  be  considered 
aa  due  to  ground-water  phenomena  it  indicates  a  greater  percolation. 

On  the  plains,  groves  and  hedgerows  by  acting  as  wind  breaks  tend  to  elevate  the 
water  level  l)y  decreasing  the  surface  evaporation. 

It  is  well  known  to  agriculturists  that  it  is  posHible  to  cultivate  the  soil  so  that  the 
evaporation  will  be  greater  than  under  natural  conditions  or  so  that  the  moisture 
will  l)e  conserve*!.  It  is  thu.s  pos.siblo  to  cither  increase  or  decrease  the  ground  water 
by  cultivation.  In  the  scmiarid  region  of  the  Middle  West,  where  the  rainfall  is 
light,  the  secret  of  the  so-calle<l  '*<lry  or  arid  fanning"  is  to  so  prepare  the  soil  as  to 
insure  the  percolation  of  all  the  rain  water  or  of  a  very  large  i)ercentage  of  it,  and  to 
prevent  itn  escape  by  evar)oration.  To  ac('ompli^•h  this  various  methods  of  snbsoil- 
ing,  sul^urface  rolling,  and  surface  mulching,  either  by  pulverizing  the  soil  or  by  the 
addition  of  straw  or  manure,  have  lx?en  employed,  in  some  cases  with  marked  suc- 
cess. I  am  informed  by  Prof.  Charles  S.  Slichter  that  in  western  Kansa*J,  whi're  the 
Campbell  system  is  employe*!,  the  ground  water  has  in  i)laces  been  raise<l  .several 
fet»t  by  the  increased  percolation. 


oSee  Bull.  Division  of  Fon-stry.  V.  S.  Dept.  Agric.  No.  7.  1S9:5.  i>ii.  100-101.  1:«)-1H1,  and  refcreiiccH 
therein  given:  also  Lueger.  Wns-orversorgiing  <lor  Studlf.  p.  197. 

^Ototzky.  P..  Ann.  Sci.  Agron.  1897.  vol.  1,  No.  3.  pi>.  4.V>-177,  plM.  '1\  review,  Kxpt.  Station  Record, 
vol.  9.  189«.  p.  1041. 

<•  Henry,  L.,  and  Tolsky.  A.,  Ann.  *^()C.  A^'ron.  11KL».  v<»l.  3.  N«k  \\,  pp.  :J9(>-I22:  review,  Expl.  Station 
Recr)rd.  vol.  li.  I'.KKi.  p.  ljr». 

•'See  Bull.  Division  of  Fon-.stry,  V.  S.  Dept.  Agrii-..  N(».  7.  1892,  pp.  l.'>8-17i>:  Man.son.  Mar>den.  Coni- 
paris«>n  of  low-wiiter  dix-hargr  from  ii  tinilKTrd  with  that  irnin  a  compninilively  tiniberle.**s  area: 
Water-Sup  and  Irr.  Pai>er  No.  AW  v.  s  (i.'ol.  Survey,  liOl,  pp.  4(>-l7. 
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EFFECT  OF  IRRIGATION. 

Irrigation,  almost  without  exception,  raises  the  ground-water  level,  and  in  regions 
where  there  is  no  natural  ground- water  outlet  w)  placed  that  it  furnishes  a  sufficient 
natural  escape  for  the  underflow,  elaborate  systems  of  tiling  and  pumping  are  neces- 
sary to  keep  the  water  level  from  reaching  the  surface  in  the  low  places  an<l  con- 
verting them  into  marshes  or  alkali  flats.  Carpenter  reports  that  in  the  Cache  la 
Poudre  Valley,  Colorado,  the  water  level  has  been  raised  20  to  40  feet.«  The  effects 
of  irrigation  in  the  King  River  Valley,  California,  are  shown  in  Water-Sapply  and 
Irrigation  Paper  No.  58,  PL  XXVI. 

(>n  Long  Island  only  limittnl  areas  have  so  far  been  irrigated,  but  these  bid  fair  to 
rapidly  increase.  On  accomit  of  the  very  porous  character  of  the  soil  and  the  fact 
that  all  the  water  used  must  l>e  obtained  from  the  ground  water  of  the  region 
involveil,  there  is  no  danger  of  serious  raising  of  the  ground-water  level;  indeeii,  the 
net  result  here  of  extreme  irrigation,  which  would  have  to  be  done  by  pumping, 
would  l>e  a  lowering  of  the  ground-water  level  to  the  extent  of  the  added  loss  by 
evaporation  and  plant  transpiration.  When  the  water  for  irrigation  is  supplied 
wholly  frf)m  springs,  as  it  Is  at  one  or  two  points  near  Flushing,  or  where  supplied 
from  the  city  waterworks,  as  at  Elmhurst, ''  the  result  is  a  local  raising  of  the  gromid- 
water  level 

EFFECT'  OF  DAMS. 

In  regions  where  the  ground  water  is  tributary  to  the  stream  channels  the  effect 
of  tile  j)on(ling  of  streams,  except  where  the  material  of  the  l)ed  of  the  reservoir 
isentin'ly  inij>erviouH,  is  to  raise  the  ground-water  level.  As  the  pond  or  reservoir 
is  n'iatively  permanent,  the  ground  water  generally  has  time  to  ailjutit  itself  to  the 
new  conditions,  an<l  an  elevation  is  produced  which  is  jjcrsistent  as  long  as  the  reser- 
voir last«.  Thus  on  Long  Island,  where  dams  were  built  in  all  the  little  streams  at 
an  i'arly  day,  the  effect  has  iK'en  to  abnormally  raise  the  ground-water  level  over 
consitlerable  areas. 

In  mill  ponds  of  this  character  the  use  of  the  water  during  the  day  and  the  accumu- 
lation during  the  night  give  rise  to  a  iH»riodic  fluctuation  of  the  water  in  the  wells 
along  their  banks  which  tends  to  accentuate  the  tt*nii)erature  effect. 

In  regions  where  the  ground-wat«*r  table  is  below  the  stream,  |>onding  will  increase 
the  leakage,  though  this  may  naturally  cheek  itself  in  time  by  the  dejwsition  of  silt 
and  colloidal  material. 

EFFECT  OF  rNDERGKOUNl)   AVATEH-Sl'PPI.Y  DEVELOPMENTS. 

rn<lergroun(l  water  is  develope<l  for  water  supj)ly  in  one  of  four  general  ways: 
(])  By  sul>surface  dams,  {2)  by  intiltratioii  galleries,  (8)  by  pumping  from  single 
wells  or  groujjs  of  wells,  and  (4)  by  flowing  wells. 

EFFECT  OF  SXrBSXJRFACE  DAMS. 

\n  regions  where  there  are  valleys  with  iFni)ervious  sides  tilled  with  porous  mate- 
rial a  dam  across  the  valley  will  i)ond  this  nnderfk)W  an<l  force  it  to  the  surface. 
This  has  Imami  einijloyd  in  many  rejiions  of  the  West  where  tlry  stream  beds  with 
considerable  unclerflow  aboun<l.  The  effect  of  such  a  structure  on  the  ground-water 
level  is  shown  in  Water-Supply  and  Irrigation  Paper  No.  07,  Pis.  V,  VII. 

EFFECT  OF  INFUT&ATION  GALLERIES. 

Infiltration  galleries  may  either  raise  or  lower  the  ground-water  level.  When  con- 
stnicted  along  the  line  of  contact  of  a  pervious  and  impervious  l)ed  they  may  act  in 


"Oirpenter.  L.  *>.,  Sot'i^iyfo  <^»r  rt'turn  waters  from  irrigation:  Bull.  Colorado  Expt.  Station,  No.  I 
18%,  p.  4. 
i'Bull.  Office  Kxpl.  Stations.  V.  S.  Dept.  Agric.  No.  118.  1904. 
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a  way  analogous  to  a  sabeurface  dam.  Where  deep  in  pervious  layers  they  offer  a 
new  outlet  at  a  lower  level  than  the  natural  one,  and  so  depress  the  water  plane. 
This  effect  is  the  same  as  that  in  a  pumped  well,  except  that  here  the  cone  of  depres- 
sion is  greatly  lengthened  in  one  direction. 

X7FEGT  07  FUMFUIO. 

Tae  first  effect  of  pumping  is  to  develop  a  more  or  less  symmetrical  cone  of  depres- 
sion, of  which  the  well  is  the  center.  The  steepness  and  slope  of  the  cone  <*epend 
on  such  factors  as  the  porosity,  rate  of  flow,  rate  of  pumping,  and  uniformity  of  soil. 
The  effect  of  such  a  depression  in  the  porous  material  on  Long  Island  is  to  lower  the 
water  in  adjacent  wells  and  drain  the  near-by  ponds  and  marsh  areas. « 

The  effect  of  this  lowering  of  the  water  table  has  a  marked  effect  on  the  stream 
flow  on  Long  Island,  as  is  shown  by  the  following  table,  compiled  by  L.  B.  Ward: 

Effect  of  ground-^caier  pumping  in  diminishing  stream  fl(m\  from  1873  to  1899,  in  the  old 
watershed  of  the  Brooklyn  waterworks^  comparing  five-year  periods,*^ 


Period. 


187^1877 
187.V188-2 
18S;t-1887 
18ft>-isy3 
18tf>-1899 


Period. 


187;i-lH77 
1878-1882 
lH.va-ls87 
1889-1893 
1895-1899 


Aver-  I 
age  I 
annual 
rain-  I 
fall.    I 


Average    annual  j  i 

rainfall  collec^  |  Area  of 
cd,  referred   to  '    water- 
waterehed  as  a  \     shed, 
whole. 


Driven- well  supply. 


Ex- 
pressed 
as  rain- 
fall. 


Daily  per 
Hquarc 
mile. 


Inches.  I 
43.33  j 
41.58  1 
43.30  I 
45.05  I 
43.14 


Per  cent. 
25.07  I 
29.60 
31.60 
38.43 
36.32  ' 


Inches. 

Square 
miles. 

Inches. 

10.86 

S2.80 

{^) 

12.31 

65.14 

(&) 

13.  C8 

61.42 

2.95 

17.31 

65.54 

5.85  , 

15. 67 

66.44 

7.76 

1 

OcUlons. 

140.392 
278,883 
369,581 


Other  pumped 

sources  of 

mipply. 


Ex- 


I 


Daily 
total  per 
square 

mile 
derived 


Water  eoUeotfed  as  stream 
flow,  referred  to  50  scpiare 
miles  of  watershed. 


pressed.  i>«»ly  per  fro°»  ajl   Daily  per 


fall. 


mile. 


tershtni 


I     mile. 


Inches,    ffalltjiif.     GaUonit.     dallans.      Inches. 


0.18 
.99 
2.30  ,     109, (Ml 
4.17       198,605 


8,659  i     517.206 


47.063  j    585,978 


532.034 
594.310 
651.506       518.071 
824,195       455.153 


2.74       130,224  :    745,983       327,122 


ExpVcssed  as  rain- 
fall. 

Amount. 

Propor- 
tion of 
total. 

Inches. 

Percent. 

11.17 

25. 79 

12.48 

•M.  02 

10.88 

2.5. 13 

9. 56 

21. 22 

6.89 

15.% 

«  Merchants'  Aasoclation  of  New  York,  The  Water  Supplv  of  the  Citv  of  New  York,  1900,  p.  186. 
&Beganinl883. 


While  all  pumped  wells  cause  a  cone  of  depression,  in  regions  where  the  ground 
water  moves  rapidly  and  where  the  demand  does  not  exceed  the  supply  the  reeovery 
is  very  rapid,  as  is  shown  by  the  figures  prepared  by  W.  E.  Spear  from  the  records 
of  the  Brooklyn  water  dei>artiuent.  * 

Several  points  are  noteworthy  about  these  diagrams.  The  water-bearing  strata, 
in  the  deep  and  shallow  wells,  in  each  case  are  separated  by  rather  fine  material 
which  may  usually  be  calle<i  a  clay.  There  is  a  distinct  flow  below  the  clay  layer 
with  a  velocity,  m  shown  by  Slichter,  of  6  feet  per  day,  while  that  immediately  above 


aSee  discussion  in  Prof.  PapiT  r.  S.  Geol.  Purvey  No.  44.  1906.  pp.  78-79. 

frRept.  New  York  City  Commi.'iwion  on  Additional  Water  Supply,  1904.  appendix  ' 
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the  clay  layer  is  but  18  inches.  Near  the  surface  the  velocity  is  3  to  15  feet  per  day. 
It  is  therefore  interesting  to  notice  at  Agawam,  which  is  essentially  a  deep-well 
station,  the  sympathetic  effect  of  pumping  in  the  lower  layer  on  the  water  in  the 
upper.  There  is  also  an  important  difference  in  the  depression  produced  in  well 
No.  11  and  well  No.  16.  This  indicates  local  irregularities  in  porosity.  At  Merrick 
the  wells  connected  to  the  suction  are  all  shallow  but  one;  the  effect  of  pumping  is 
therefore  more  marked  in  the  shallow  than  the  deep  wells.  It  is  here  quite  normally 
greatest  in  the  center  well.  The  recovery  after  ])umping  is  very  rapid  in  both  cases, 
indicating  that  the  supply  is  a  free  one  and  that  the  plants  have  not  overdrawn  it. 

The  records  for  a  181-foot  well  at  the  Queens  County  Water  Company  pumping 
station,  near  Hewlett,  N.  Y.,  show  regular  fluctuations  due  to  pumping  (PI.  Ill, 
p.  18).  This  well  is  3,000  feet  from  the  pumping  station  and  2,000  feet  from  the 
nearest  pumpe<i  well,  and  the  records  showed  fluctuations  of  such  a  regular  rhythmical 
character  that  they  were  at  first  thought  to  represent  fluctuations  due  entirely  to 
temperature  changes.  Further  consideration  in  connection  with  the  record  of  pump- 
ing from  the  station  shows  that  the  fluctuations  are  almost  wholly  due  to  pumping, 
although  there  is  perhaps  a  slight  temperature  effect  involved. 

The  response  of  the  water  level  in  the  deeper  wells  to  changes  of  pressure  at  the 
surface,  due  to  rainfall,  tidal,  barometric,  and  thermometric  fluctuations,  suggests  that 
the  removal  by  pumping  of  the  surface  ground  water  over  an  artesian  stratum  will, 
by  relief  from  load,  produce  sympathetic  fluctuations  in  deep  wells  where  there  is 
absolutely  no  connection  between  the  water-bearing  strata. 

EFFECT  OF  ARTESIAN-WELL  DEVELOPXEHTS 

The  universal  experience  in  artesian  basnis  has  been  that  after  a  time  the  head 
decreases.  This  is  due  to  many  causes.  When  the  whole  basin  is  affected,  it  indicates 
that  the  outflow  or  pumping  from  the  wells  exceeds  the  inflow  from  the  porous  strata, 
and  a  gradual  <iecrease  is  to  be  expected  until  these  factors  are  balanced.  A  well  or 
group  of  wells  may  be  influence<l  by  interference  from  a  single  well  favorably  situated. 
Thus  the  drilling  of  a  well  in  which  the  outflow  is  many  feet  below  that  of  near-by 
wells  quickly  affects  the  head  of  the  higher  wells.  Very  often  where  but  a  few  wells 
here  and  there  are  affectvd  the  tlecrea^e  in  head  is  to  be  regarded  as  wholly  due  to 
leakage,  eitlicr  on  the  outsi<le  of  the  i-asing  or  by  the  failure  of  the  casing  through 
corrosion. 

All  artesian  wells  are  sooner  or  later  puniixnl,  and  the  effect  of  the  pumping  is  often 
to  lower  the  head  over  wide  areas.  The  dnninution  of  the  head  in  the  chalk  wells 
in  London  during  the  early  i)art  of  the  nineteenth  century  is  well  shown  by 
Clutterbuck." 

KFFEC  T  OF  L.VHGE  CI'J  IKS  ON  THE  WATER  LEVEL. 

Aside  from  the  <rcneral  lowernig  of  the  water  level  in  cities  due  to  pum]>age, 
another  faetnr  tending  in  the  saiiuMlirection  is  a  deereius<»  of  the  inflow  of  rain  waters. 
The  mass  ot  buildings,  pave<l  streets,  an<l  drainajze  systems  absolutely  prevent  the 
intiltration  ot  rain  water  over  wide  areas.  This  loss  is.  liowever,  in  part  replaced  by 
leakage  from  the  water  ami  sewer  systems. 

The  loading  resulting  from  the  placing  of  large  and  heavy  buildings  on  small  areas 
will  have  the  same  effect  as  loading  due  to  any  natural  causes,  extrept  that  the  former 
is  .^'o  gra<lual  tliat  in  most  ciises  the  water  has  time  to  escape  laterally.  It  is  conceiv- 
able, however,  that  the  loading  may  exceed  the  rate  of  outflow  and  a  temporary 
measurable  increase  in  the  artesian  liead  be  produce<l,  but  this  is  of  such  slight  value 
as  to  be  ol  theoretical  rattier  than  practical  im])ortance.  The  effect  is  practically 
nothing  when  the  building  rests  on  bi-d  rock,  as  at  New  York,  and  reaches  ita  maxi- 
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mum  at  points  like  New  Orleans,  Galveston,  and  other  coast  towns  underlain  by 
unconsolidated  Tertiary  and  Quaternary  beds.  A  much  more  readily  measurable 
effect  would  \)e  producetl  by  large  fires,  which  in  a  short  time  would  remove  a  large 
weight  from  a  limiteii  area.  These  pressure  effects  would  be  noticeable  only  in  wells 
in  which  the  water  is  already  under  artesian  head  and  when  the  overlying  beds  have 
considerable  plasticity.  They  would  clearly  be  greatest  in  unconsolidated  materials 
and  would  decrease  with  the  thickness  of  the  strata  above  the  water-bearing  layer. 

EFFECT  PROPUCED  BY  LOADED  FREIGHT  TRAINS. 

The  sensitiveness  of  the  water  in  wells  to  any  change  in  load  at  the  surface  is 
fitrikingly  illustrated  by  the  oscillation  produce<l  by  slowly  moving  freight  trains  at 
Madison,  Wis.     This  is  descril^ed  by  King  as  follows:  « 

While  the  self- registering  instrument  was  upon  well  No.  48,  it  wa«  observed  that  there  were  frequent 
records  of  sharp  short-period  curves  shown  upon  the  sheet,  which  at  first  were  supposed  to  be  the 
result  of  accidental  jars  which  the  instrument  sustained;  but  the  frequency  of  their  occurrence  and 
the  fact  that  they  always  indicated  elevations  of  the  water  led  to  a  closer  scnitiny  and  their  final 
association  with  the  movement  of  trains  past  the  well.  On  the  eight-day  instrument  these  fluctua- 
tions are  shown  as  single  dashes,  but  with  the  one-day  form  the  curve  was  open.  The  well  in  which 
these  disturbances  occur  is  situated  about  140  feet  fn>m  the  railroad  track  and  has  a  depth  of  40  feet. 
It  is  tubed  up  with  6-inch  iron  pipe  to  the  sandstone,  37  feet  below  the  surface,  and  the  water  hasa 
mean  depth  of  about  20  feet  in  Jt. 

The  strongest  rises  in  the  level  of  the  water  are  produced  by  the  heavily  loaded  trains,  which  move 
rather  slowly.  A  single  engine  has  never  been  observed  to  leave  a  record,  and  the  rapidly  moving 
passenger  tains  produce  only  a  slight  movement,  or  none  at  all,  which  is  recorded  by  the  instrument. 
The  figure  shows  the  curve  to  be  pro<luced  by  a  rapid  but  gradual  rise  of  the  water,  which  is  followed 
by  only  a  slightly  less  rapid  fall  to  the  normal  level,  there  t>eing  nothing  oscillatory  m  character 
indicated  by  any  of  the  tracings  nor  observable  to  the  eye  when  watching  the  pen  while  in  motion. 
The  downward  movement  ol  the  pen  usually  begins  when  the  engine  has  passed  the  well  by  four  or 
tive  lengths,  and  when  the  pen  is  watched,  it  may  be  seen  to  start  and  to  descend  quite  gradually, 
«)ccupying  some  seconds  in  the  des<'ent. 

This  is  very  similar  to  the  various  pressure  effects  noted  above,  due  to  tidal,  baro- 
metric, and  rainfall  loadmg,  and  to  transmitted  fluctuations  due  to  variations  in  local 
load  produced  by  temperature  changes,  except  that  the  time  of  lateral  transmission 
is  rather  sliorter,  and  it  is  not  clear  that  the  water  is  under  artesian  head. 

FLUCTUATIONS   DUE  TO   INDETERMINATE   CAUSES. 
SMALL    FLUCTUATIONS. 

The  extreme  susceptibility  of  the  water  level  in  wells  to  pressure  changes  would 
lead  one  to  exi)ect  many  minute  fluctuations;  and,  indeed,  all  the  well  curves  show 
a  great  number  of  such  fluctuations  8uperi)Osed  on  the  larger  fluctuations  pro<luced 
by  the  dominant  element  at  that  point.  Many  are  clearly  compound  waves  of  very 
complex  character  and  rei)reseiit  the  resultant  of  many  forces.  They  emphasize  the 
continued  state  of  unrest  of  the  earth's  surface.  These  fluctuations  can  be  properly 
studied  only  with  instruments  having  both  a  large  vertical  and  time  scale,  and 
their  elucidation  would  necessitate  corresponding  meteorologic  instruments  of  great 
delicacy. 

On  the  day  gages  at  Hewlett  (p.  18)  there  is  a  distinct  series  of  minor  fluctuations 
with  a  well-defined  periml  ot  about  twenty  minutes.  These  greatly  resemble  the 
minor  oscillations  in  the  tidal  curves  at  many  points. '>  * 


a  Bull.  r.  S.  Weather  Bureau  No.  5.  1892.  pp.  67-«'»S. 
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The  secondary  oscillations  in  the  tide  curve  at  Swansea,  England,  have  a  time 
interval  of  fifteen  to  twenty  minutes;  at  Malta,  twenty-one  minutes;  and  at  Sydney, 
twenty-six  minutes;  while  Denison  has  observed  on  Lake  Huron  oscillations  with 
periods  of  fourteen,  eighteen,  twenty-two,  and  forty-five  minutes.  As  no  such 
secondary  tidal  oscillations  have  been  observed  near  Long  Island,  and  as  the  Hewlett 
well  is  at  such  a  distance  from  the  coast  that  it  is  not  affected  by  tides  4  feet  high, 
these  oscillations  are  clearly  not  of  transmitted  ocean  origin.  Denison's  observations 
led  him  to  the  conclusion  that  many  of  the  secondary  oscillations  are  due  to  baro- 
metric fluctuations,  and  the  occurrence  of  these  fluctuations  in  wells  must  be  reganled 
as  strong  confirmatory  evidence  of  his  conclusion. 

Besides  these  fluctuations  with  a  period  of  twenty  minutes,  there  are  several  other 
minor  vibrations  with  smaller  amplitudes  and  periods;  one  series  seems  to  have  a 
period  of  five  or  six  minutes,  but  is  not  very  sharply  defined. 

In  the  wells  at  Lyn brook  (p.  23)  minor  fluctuations  with  periods  of  forty  and  eighty 
minutes  have  been  clearly  recognized  in  a  mass  of  still  smaller  fluctuations. 

FLUCTUATIONS  AT  MILLBURN,  N.  T. 

Extremely  irregular  fluctuations  with  a  range  of  as  much  as  1  inch  were  obtained 
from  a  well  at  Millburn,  N.  Y.  (PI.  V,  p.  22).  The«i  are  quite  different  from  any 
of  the  other  curves  obtained  and  no  cause  can  be  assigned  for  these  insularities. 
Not  the  least  strange  part  of  the  curve  is  that  its  general  character  changes  sharply 
on  July  29.     (See  discuHsion,  pp.  22-23.) 

FLUCTl  ATIONS  AT  URISINO  STATION,  NEW  SOUTH  WALKS. 

The  fluctuations  rejwrted  by  Professor  David  «  at  Urisino  iStation,  between  Wanaar- 
ing  and  >rilparinka,  in  the  northwest  corner  of  New  South  Wales,  200  miles  from  the 
ocean,  are  unicjue.  Two  suhartesian  wells,  one  1,680  and  the  otlier  2,000  feet  deep,, 
in  which  the  water  rises  to  within  15  or  20  feet  of  the  surface,  show  regular  rhyth- 
mical pulsations  with  a  range  of  4  to  5  feet  every  two  hours.  That  is,  there  are  here 
six  almost  equal  "tides"  of  large  size  every  twenty-four  hours.  Prof.  Charles  S. 
Slichter  has  suggested  the  very  probable  explanation  that  the  fluctuations  are  due 
to  a  sort  of  i)erio<:lio  geyser  j)henomena.  This  is  quite  competent  to  produce  the  fluc- 
tuations observed  and  the  high  temperature  of  the  water  in  this  basin  lends  consider- 
able color  to  the  suggestion. 


«i  David.  T.  W.  K..  Notes  on  artesian  water  in  New  South  Wales  an<i  Queensland:  Jour,  and  Proc. 
Royal  S<x'.  New  S^juth  Wales  for  1S93,  vol.  27.  pp.  429-130. 
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WATER  POWERS  OF  NORTHERN  WISCONSIN. 


By  L.  S.  Smith. 


INTRODUCTION. 

Significajiee  and  extent  of  uxUer-power  resources. — Unlike  other  great  natural  resources  of 
the  State,  such  as  the  forest  and  mineral  wealth,  the  utilization  of  which  means  the  final 
destruction  of  the  source  of  supply,  the  water-power  resources  are  as  certain  and  eternal 
as  the  sunshine.  The  importance  of  water  powers  to  a  State  so  remote  from  coal  mines  as 
is  Wisconsin  is  not  likely  to  he  overestimated.  Unquestionably  these  powers  are  destined 
to  exercise  a  wide  influence  on  the  development  of  the  State.  So  far  as  known,  not  a  single 
important  river  in  the  State  has  as  yet  been  made  to  fully  produce  its  available  power. 
The  lower  Fox  may  be  said  to  come  the  nearest  to  this,  with  a  total  of  31,898  actual  horse- 
power,a  all  produced  in  the  35  miles  between  Lake  Winnebago  and  Green  Bay.  This  lai^ge 
water  power  has  caused  the  district  to  take  high  rank  as  a  paper  and  pulp  manufacturing 
center.  Wisconsin,  Chippewa,  and  St.  Croix  rivers  can  each  be  made  to  produce  power 
equaling  and  even  exceeding  that  of  the  lower  Fox.  Growth  in  the  development  of  Wis- 
consin water  powers  has  been  very  rapid.  During  the  ten  years  ending  in  1900  the  gain 
was  75  per  cent.    The  following  figures  show  the  growth  during  the  last  thirty  years: 

Wisconsin  water  'powers  developed. 

Horsepower. 

1870 33,700 

1880 45,300 

1890 56,700 

1900 99,000 

The  annual  saving  represented  by  this  power  over  the  cost  of  an  equivalei^t  amount  of 
steam  power,  computed  at  $20  per  horsepower,  reaches  the  sum  of  nearly  $2,000,000. 

Sources  of  information. — Judging  from  the  scant  literature  descriptive  of  Wisconsin  water 
powers,  but  little  attention  has  been  directed  in  the  past  to  this  great  natural  resource  of 
the  State.  The  longest  and  most  accurate  description  is  contained  in  the  Tenth  Census 
of  the  United  States.  In  Geology  of  Wisconsin,  volume  3, 1880,  will  be  found  good  detailed 
descriptions  of  the  Lake  Superior  rivers  from  the  standpoint  of  a  geologist.  Very  reliable 
information  regarding  the  upper  headwaters  of  the  larger  rivers  is  given  in  the  reports  of 
the  Chief  of  Engineers,  U.  S.  Army,  for  the  years  1879-1883,  inclusive,  to  which  frequent 
reference  is  herein  made.  This  work  of  surveying  reservoir  sites  involved  the  running  of 
many  hundred  miles  of  levels,  thus  securing  numerous  water  levels  on  lakes  and  rivers. 
The  maps  of  these  surveys  were  never  published,  but  copies  of  the  originals  have  been 
obtained,  and  no  pains  or  expense  has  been  spared  to  preserve  and  present  these  data- 
A  fourth  source  of  information,  and  a  most  welcome  one,  both  because  of  its  intrinsic  value 
and  because  it  marks  the  beginning  of  a  rational  and  systematic  study  of  Wisconsin  water 
powers,  is  the  detailed  survey  of  part  of  Chippewa  River  and  the  daily  discharge  records  of 


a  Kept.  Chief  Eng.  U.  S.  Army,  1897,  p.  2737. 
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many  important  water-power  rivers  carried  on  by  the  United  States  Geological  Survey 
during  the  ycArs  1903,  1904,  and  1905.  a 

Finally,  the  data  here  presented  would  have  lacked  much  of  whatever  value  and  com- 
pleteness they  may  have  had  it  not  been  for  the  generous  support  of  hydraulic  engineers 
and  mill  owners. 

After  exhausting  all  possible  sources  of  information  by  correspondence,  however,  it  was 
found  that  many  points  of  importance  could  be  cleared  up  only  by  a  personal  visit  to  the 
field.  In  this  manner  visits  were  made  to  St.  Croix  River  at  Taylors  Falls;  to  Apple  and 
Willow  rivers ;  to  Eau  Claire  and  Chippewa  Falls,  on  Chippewa  River;  to  Black  River  Falb 
and  Neillsville,  on  Black  River;  to  Grand  Rapids,  Stevens  Point,  Tomahawk,  and  Rhine- 
lander,  on  Wisconsin  River,  and  to  Oshkosh,  Appleton,  Menasha,  Kaukauna,  and  Depere, 
on  Fox  River. 

The  importance  of  these  water-power  resources  to  the  development  of  the  State  wouM 
certainly  justify  it  in  cooperating  financially  with  the  United  States  Geological  Survey  bj 
extending  the  investigation  to  include  hypsometric  surveys  of  the  important  rivers,  espe- 
cially in  the  region  now  undeveloped. 

PHYSICAL  GEOGRAPHY  OF  NORTHERN  WISCONSIN. 

GKOI-.OGY.  f> 

The  rock  formations  of  northern  Wisconsin  readily  fall  into  three  classes — the  pre-Cam- 
brian  crystalline  rocks,  the  Paleozoic  rocks,  and  the  Glacial  drift.  The  pre-Cambrian  and 
Paleozoic  formations  are  adjacent  to  one  another,  but  the  loose  Glacial  drift  is  distributed 
irregularly  over  all  the  hard-rock  formations  of  the  region. 

PRE-C'AMBRIAN    ROCKS. 

The  pre-(-ambrian  crystalline  rocks  consist  of  various  kinds  of  igneous  rocks,  such  as 
greenstone  or  trap  rocks,  granite,  diorite,  rhyolite,  schists,  and  gneisses,  and  varieties  of 
metamorphosed  sedimentary'  rocks,  such  as  quartzite,  slate,  limestone,  conglomerate  ferru- 
ginous rocks,  slate,  and  schists.  Th(»  roi'ks  \wtv  classed  as  prt»-Cambrian  include  all  those 
often  referred  to  as  the  Laurentian  (Archean),  lluroiiian,  and  Keweenawan  series.  The 
various  kinds  of  crystalline  rocks  generally  stand  on  edge,  trend  in  various  directions,  and 
form  irregular  belts  and  areas  throughout  the  region. 

The  area  of  crystalline  rocks  covers  tlu*  principal  part  of  northern  Wisconsin.  Its  north- 
em  boundary  is  approximat^^ly  parallel  to  and  very  near  the  adjacent  shore  of  Lake  Superior; 
on  the  west  it  projects  irregularly  into  Minnesota;  on  the  south  it  extends  to  the  central  part 
of  the  State,  and  on  the  east  it  reaches  within  25  to  40  miles  of  Green  Bay. 

The  pre-(^anibrian  region  is  the  highest  portion  of  the  State,  and  in  these  crystalline 
highlands  the  large  rivers  have  their  source  and  flow  outward  in  all  directions.  The  cr3r9tal- 
line  rocks  are  gen(»rally  hard.  They  do  not  everywhere  have  this  character,  however,  and 
the  lack  of  uniformity  causes  inucli  irregularity  in  the  surface  features.  High,  roimded 
knol)s  of  hard  granite  and  (juartzitj»  dot  the  surface*  of  the  region,  and  the  abrupt  variations 
in  tlu*  character  of  the  rock  along  the  river  valU'vs  have  caused  the  formation  of  numerous 
rapids  and  waterfalls.  The  slope  of  the  pre-Cunihrian  region  is  relatively  st^ep  on  the  Lake 
Superior  side  and  comparatively  gentle  toward  tlie  east,  south,  and  west. 

1»AI.E0Z01C    ROCKS. 

The  Paleozoic  rocks  consist  of  alternating  formations  of  comparatively  incoherent, 
friable  .sandstone  and  hard,  compact  limestone  lying  unconfornial)ly  upon  the  upturned 
edges  of  the  crystalline   rocks  and   dipping  .slightly   toward   the  north,  east,  south,  and 


a  Tho  Wisconsin  Ifpslaturc  of  l«)0.')  appronriatcd  ?_'..5<M)  for  th(^  ptirpo.se  of  survoying  the  water 
powers  of  the  SUit*'  in  coo^ienition  with  the  LniU'd  SlHtes  (J('oIop;iCHl  Survey,  which  has  set  aside  an 
equal  ainoimT  for  this  purpow.  In  the  fall  of  19(15  Wi.sconsin.  IJlack,  and  Flambeau  rivers  were 
surveyed.    This  work  is  in  charpe  of  I^onard  S.  Smith. 

ft  Prepared  by  S   Weidman.  State  gi»ologist  of  Wisconsin. 
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west — the  dip  thus  being  away  from  the  broad  central  core  of  the  pre-Oambrian  region. 
The  Paleozoic  rocks  of  northern  Wisconsin  include  the  following  formations,  named  from 
the  base  upward:  (1)  Cambrian  ("Potsdam")  sandstone,  (2)  "Lower  Magnesian"  lime- 
stone, (3)  St.  Peter  sandstone,  and  (4)  "Trenton"  limestone. 

The  Cambrian  sandstone  is  by  far  the  most  abundant  Paleozoic  rock  of  the  region.  Along 
the  shore  of  Lake  Superior,  where  it  is  generally  called  the  Lake  Superior  sandstone,  it  forms 
a  strip  less  than  a  mile  in  width  at  the  Michigan  boundary,  increasing  to  15  miles  in  width  at 
the  Minnesota  boundary.  For  variable  distances  of  15  to  40  miles  about  the  broad  central 
area  of  the  pre-Cambrian  to  the  west,  south,  and  east,  the  Cambrian  is  the  principal  surface 
rock.  It  Ls  only  adjacent  to  the  shore  of  Green  Bay  on  the  east  and  in  St.  Croix  and  Pierce 
counties  on  the  west  that  limestone  and  sandstone  later  than  the  Cambrian  occur  to  any 
notable  extent. 

The  surface  features  of  the  Cambrian  sandstone  district  are  mainly  broad  valley  bottoms, 
dotted  here  and  there  with  a  few  pinnacles  of  hard  sand  rock.  In  the  region  of  the  limestone, 
however,  the  valleys  are  generaUy  sharp  and  narrow,  and  the  uplands  constitute  the  main 
portion  of  the  landscape.  The  hilLs  and  sharp  ravines  in  the  limestone  district  are  in  sharp 
contrast  with  the  broad,  graded  valley  l>ottoms  of  the  sandstone  district. 

GLACIAL   DRIFT. 

The  Glacial  drift  consists  of  a  loose,  incoherent  mass  of  boivldere,  gravel,  sand,  and  clay. 
In  some  places  the  coarse  drift  is  abundant,  while  in  other  places  clays  and  sand  prevail. 
The  drift  has  a  very  irregular  thickness  throughout  the  area.  It  was  deposited  upon  the 
older  crystalline  and  Paleozoic  rocks  during  the  several  successive  glaciations  in  Wisconsin 
and  the  adjacent  region. 

Drift  in  variable  quantity  occurs  throughout  northern  Wisconsin,  being  very  abundant 
in  the  northeastern,  northern,  and  northwestern  parts  of  the  region,  while  in  a  very  irregular 
but  considerable  area  in  the  southwestern  part  the  drift  is  very  thin. 

The  surface  of  a  large  part  of  the  drift-covered  region  is  very  irregular  and  uneven,  and 
consists  of  hills  and  ridges  alternating  with  basins,  swamps,  and  lakes.  In  some  places 
the  drift  covering  completely  obliterates  the  topographic  features  of  the  crystalline  and 
Paleozoic  rocks;  in  other  places  it  only  modifies  the  older  topography.  On  the  whole, 
however,  the  glaciation  of  the  region  exerted  a  considerable  influence  on  the  distribu- 
tion of  the  drainage  lines  and  in  shaping  the  minor  inequalities  of  the  land  surface. 
The  drift  region,  from  the  topographic  point  of  view,  may  \)e  divided  into  two  general 
districts — one  covered  by  the  .older  drift  series  and  the  other  by  the  later  drift.  In  the 
district  of  the  older  drift,  the  southwestern  part  of  northern  Wisconsin,  there  are  no  lakes 
or  ponds,  and  swamps  are  very  rare.  Hero  the  topography  is  mature  and  the  land  has 
good  surface  drainage.  In  the  district  of  the  later  drift,  Jiowever,  which  includes  the 
main  portion  of  northern  Wisconsin,  the  glacial  deposits  are  abundant;  ridges  and  hills 
of  bowldery  material  occur,  and  lakes,  swamps,  and  sags  are  common.  In  this  district, 
therefore,  the  surface  drainage  is  often  \ery  poor  and  large  amounts  of  water  are  held  in 
swamps  and  ponds.  Here,  also,  there  are  marked  dilFerences  in  the  surface  features  pre- 
vailing over  large  parts  of  the  district.  Along  its  border  is  the  terminal  moraine,  often 
called  the  "kettle  moraine,"  having  a  width  ranging  from  3  or  4  to  20  miles  and  consisting 
of  numerous  drift  hills  and  ridges  closely  associated  with  sags,  lakes,  and  ponds.  This 
terminal  moraine  extends  acra^ss  the  entire  continent.  In  crossing  this  portion  of  the 
State  it  turns  north  a  few  miles  cast  of  Grand  Rapids,  thence  extends  to  Antigo,  thence 
in  a  sinuous  belt  westward  to  Barron  County,  and  thence  southwest  into  Minnesota. 
Back  of  this  terminal  moraine — that  is,  to  the  east  and  north — are  similar  l>elts  known  as 
"recessional  moraines,"  separated  one  from  another  by  broad  areas  having  the  general  features 
of  the  hard  rocks  beneath.  Bi'tween  the  moraine  belts  are  broad  tracts  of  sandy  land, 
called  "barrens,"  which  cover  considerable  portions  of  the  northwestern  part  of  the  State. 
Along  Lake  Superior  is  a  broad  U'lt  of  nearly  flat  clay  land  which  may  be  mentioned, 
though  it  has  no  influence  on  the  distribution  of  the  water  powers  "of  the  region. 
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TOPOGRAPmr. 

The  abundant  water-power  resources  of  Wisconsin  are  the  result  of  its  unique  t<^>Qgraphy. 
A  wide  and  comparatively  flat  highland  crosses  the  northern  part  of  the  State.  Tin 
divide  varies  in  elevation  from  1,900  feet  in  the  eastern  part  to  1,000  feet  in  the  westen 
part,  and  extends  to  within  30  miles  of  Lake  Superior.  From  it  the  rivers  descend  radisflf 
in  all  directions  except  eastward.  Owing  to  the  fact  that  Lakes  Superior  and  MichigM 
bound  the  State  on  the  north  and  east,  while  Mississippi  River  forms  the  southwestern 
and  the  larger  part  of  the  western  boundary,  all  the  rivers  must  needs  find  a  low  troiig)i 
into  which  to  discharge,  and  that  at  a  short  distance  from  their  source.  This  condition 
results  in  a  rapid  fall  and  large  water  powers. 

About  9  per  cent  of  the  total  area  considered  belongs  to  the  abrupt  Lake  Superior  wate^ 
shed  and  the  remainder  to  the  broad  southeast,  south,  and  southwest  slopes.  The  divides 
between  the  rivers  which  drain  this  southern  slope  are  almost  imperceptible,  in  some  cms 
being  entirely  lost  in  labyrinths  of  lakes  and  swamps. 


Hills  over  300  feet  in  height  are  rare.  A  few  ' '  mounds,"  or  isolated  steep  hills  with  extremely 
bases,  rise  out  of  the  sandy  plains  of  Jackson  and  Clark  counties,  and  a  few  larger,  more  masajve  hiDa 
one  1,940  feet  above  the  sea,  occur  in  the  valleys  of  the  larger  rivers,  besides  the  low,  broad  hills  widck 
form  the  crests  of  the  Penokee  and  Copper  ranges.  These  hilly  tracts  do  not  cover  over  5  per  cent  of 
the  total  area,  while  about  45  per  cent  is  level  upland  and  about  50  per  cent  is  rolling  country,  of  wbkk 
a  considerable  portion  is  steeply  rolling  "kettle"  or  "pot-hole"  land.o 

The  surface  features  are  discussed  elsewhere,  under  the  head  of  ''Geology/'  and  aho  in 
connection  with  the  drainage  of  each  river. 

HYDROGRAPHY. 

St.  Croix,  Chippewa,  Black,  and  Wisconsin  rivers  drain  70  per  cent  of  the  northern  half 
of  the  State,  an  area  nearly  equal  to  that  of  the  State  of  Maine.  T^e  Lake  Superior  riven 
drain  only  9.3  per  c«nt  and  those  flowing  into  Green  Bay  the  remaining  20.7  per  cent. 

In  general,  each  of  the  important  rivers  may  be  divided  into  three  divisions,  differing 
widely  in  physical  characteristics.  First,  the  headwaters,  marked  by  sluggish  streams 
with  low  divides,  fed  by  numerous  and  extensive  swamps  and  lakes,  frequently  so  inte^ 
laced  that  it  is  impossiJ:)le  to  trace  out  the  river  divides.  Here  many  of  the  lakes  have  dam 
sites  forming  natural  reservoirs  for  the  river  below.  Bowlder  rapids  are  here  of  frequent 
occurrence.  Second,  a  stretch  of  maximum  descent  along  the  center  reach  of  the  river, 
abounding  in  numerous  falls  and  long  stretches  of  rapids.  This  part  of  the  river  is  alwi^ 
in  the  region  of  the  pre-Cambrian  crystalline  rocks,  the  southern  border  of  which  marios 
the  lower  limit  of  the  rapids.^  Third,  the  lower  portion  of  the  course,  where  for  a  distance 
of  about  50  miles  the  river  flows  through  sandstone  and  limestone,  the  descent  being  veiy 
slight.  This  region  is,  therefore,  devoid  of  wat^r  power.  In  fact,  the  United  States  Gov- 
ernment h&s  improved  the  larger  rivers  along  this  reach  for  the  purpose  of  navigation  with- 
out the  use  of  locks. 

As  compared  with  the  upper  Mi.ssi.ssippi  basin  in  Minnesota,  the  area  under  discuasion 
may  l)e  said  to  have?  a  st<»ep(»r  grade,  the  middle  portion,  containing  the  main  water  powerSi 
having  an  average  fall  of  3  to  8  feet  to  the  mile.  Because  of  the  storage  effect  of  the  lakes 
and  swamps,  the  low-water  run-olF  is  as  high  as  from  0.3  to  0.8  second-foot  per  square  mile 
of  drainage  area.     Probably  about  a  third  of  the  total  rainfall  finds  its  way  into  the  streams. 

The  general  use  and  control  of  these  northern  rivers  for  logging  purposes  in  the  ptst 
tended  to  decrease  the  value  of  the  water  powers  by  withholding  the  water  at  times  when 
most  needed.  All  logging  on  rivers  is  fast  disappearing.  Indeed,  on  many  rivers,  like 
the  Wi.sconsin,  it  has  practically  given  way  entirely  to  railroad  transportation.  This 
leaves  the  rivers  free  for  the  permanent  development  of  their  water  powers.     The  effect  oo 


a  Roth,  Filif)crt,  Forestry  Conditions  ol  Northern  Wisconsin:  Hull.  Wis.  deol.  and  Nat.  Hiat.  Sur* 
vev,  No.  1,  1898,  pp.  2-3. 

feThe  only  Important  exception  to  this  rule  is  on  Wisconsin  River  at  Kilbouni,  where  the  river 
deaoends  rapidly  about  16  feet  in  the  dalles  of  the  Potsdam  sandstone. 
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e  stage  of  water  which  these  dams  have  had  in  the  past  suggests  their  enlargement, 
tension,  and  systematic  operation  for  the  sole  purpose  of  increasing  the  low-water  flow. 
The  United  States  engineers  have  surveyed  32  laige  reservoirs  in  Wisconsin  and  have 
nstnicted  five  such  reservoirs  in  Minnesota.  The  total  capacities  of  the  proposed  Wis- 
nsin  resei^voirs  are  as  follows  :a 

Storage  capacity  of  proposed  reservoirs  in  Wisconsin. 


River. 


Area  of 

overflowed 

lands. 


Storage 
capacity. 


.  Croix., 
dppewa. 
isconsin 


Acres. 
MO2,O02 
Not  given. 
25,832 


Cuhicfeet. 
34,334,000,000 
25,239,000,000 
10,557,000,000 


70,130.000,000 


The  intelligent  operation  of  even  a  part  of  these  reservoirs  would  have  a  marked  efi'ect 
I  steadying  the  river  discharge.  This  point  will  be  separately  discussed  in  connection 
nth  the  several  rivers.  It  may  be  remarked  here  that  nature,  by  providing  numerous 
stamps  and  upward  of  1,400  lakes  for  this  region,  has  ■  accomplished  unaided  a  decided 
Bgulation  of  the  water  supply. 

The  availability  of  these  water  powers  varies  greatly  on  the  different  rivers,  or  even  on 
mris  of  the  same  river.  Those  on  Wisconsin  River,  for  example,  are  all  reached  by  the 
%cago,  Milwaukee  and  St.  Paul  Railway,  which  parallels  the  river  for  100  miles,  and  by 
"ther  railroads  at  certain  points.  The  powers  on  the  lower  Chippewa  are  likewise  available; 
»iit  as  yet,  because  of  the  small  population,  the  railroads  have  not  built  generally  into 
be  upper  part  of  the  region.  The  rapid  opening  up  of  farms  now  in  progress  will  soon 
^TJng  a  demand  for  better  transportation. 

The  present  bulletin  discusses  the  water  powers  of  the  northern  rivers,  for  the  reason 
hat  these  powers  are  the  least  known  and  least  developed. 

SOILS,  c 

The  soils  of  northern  Wisconsin  may  be  grouped  into  seven  readily  recognized  classes. 

Sandy  soils  are  found  in  regions  known  as  flood  plains,  and  owe  their  origin  to  the  sorting 
ction  of  flowing  water  as  it  issued  from  the  melting  ice.  The  two  largest  areas  of  this 
frpe  are  found  in  central  Wisconsin  east  of  Black  River  and  in  the  northwestern  part  of 
^e  State.  These  soils  are  so  coarse  and  open  that  nearly  all  the  rain  soaks  into  the  ground, 
Mippearing  later  at  lower  levels  as  springs. 

Sandy  loams  cover  a  much  broader  area  than  the  sandy  soils,  being  roughly  coincident 
I  distribution  with  the  Potsdam  sandstone,  from  which  they  have  in  lai^e  part  been 
erived. 

Prairie  loam  is  a  light,  open  soil,  more  closely  allied  to  those  described  above  than  to 
le  following  ones.  It  is  usually  underlain  by  from  3  to  5  feet  of  coarse,  open  gravel.  In 
orthem  Wisconsin  the  largest  area  of  this  type  is  found  in  St.  Croix  County. 

Clayey  loam  is  finer  and  contains  more  clay  than  the  soils  already  described.  Such  a 
^il  has  a  great  capacity  for  holding  water.  **The  area  of  northern  Wisconsin  covered 
^  this  type  of  soil  is  larger  than  that  occupied  by  any  other  variety." 

Loamy  clay  is  still  heavier  and  more  clayey  than  the  last,  with  smaller  particles.  There 
ne  three  considerable  areas  of  the  soil  in  this  region. 

Red  clay  soil  is  the  most  peculiar,  the  finest  grained,  and  heaviest  in  the  State.  It  is 
ractically  impervious  to  water.     Its  areas  border  Lakes  Superior  and  Michigan. 


oRept.  Chief.  Enp.  U.  S.  Army,  1880. 
>  Including  27,406  acres  in  Minnesota. 
cCondensed  from  F.  U.  King's  description  in  Northern  Wisconsin  Handbook. 
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Swarap  soil  includes  all  swamp  and  marsh  land  soils.  While  few  very  large  single  areas 
are  covered  by  these  soils,  the  aggregate  amount  is  probably  not  less  than  1,000,000  to 
1 ,500,000  acres.  Some  of  these  lands  are  now  covered  by  a  growth  of  white  cedar,  others 
with  tamarack  and  sprue*,  the  latter  being  usually  found  on  the  borders  of  both  tamaivk 
and  cedar  swamps,  while  still  others  are  simply  sedge  marshes,  some  of  which  are  yearly 
cut  for  hay.  In  many  other  swamp  areas  fires  have  killed  the  trees,  causing  all  the  small 
anchoring  root^s  to  die  and  decay,  so  that  the  winds  have  overturned  nearh'  every  tree. 

Many  of  the  northern  swamps  are  underlain  by  vast  beds  of  peat,  while  all  have  a  thick 
covering  of  moss  and  humus.  Both  these  factors  play  an  important  part  in  deiajiog  the 
wat^r  in  its  journey  to  the  streams. 

FOREST  CONI>ITIONS. 

"Northern  Wisconsin  in  its  primeval  state  was  a  vast  forest  of  magnificent  timber." 
This  could  be  said  to-day  of  large  areas.  The  central  portion  of  this  re^on  includes  mixed 
forest  in  which,  though  the  pine  has  nearly  all  been  cut,  there  still  remain  over  5,000  feet 
of  hard  wood  and  hemlock  per  acre,  besides  other  timber  equally  valuable.  The  total 
area  covered  by  forests  of  this  grade  amounts  to  8,000  squan^  miles,  about  the  same  as  thit 
of  the  State  of  Massachusetts. 

Mr.  E.  T.  Sweet  a  enumerates  34  different  kinds  of  trees  which  he  found  on  the  Lake 
Superior  slope  alone.  Additional  species  found  on  the  southern  slope  would  increase  this 
number  considerably. 

The  lumberman's  labors  were  first  directed  to  getting  out  the  pine,  both  because  of  its 
high  value  and  because  of  the  fact,  that  he  could  float  it  downstream  to  market.  This 
industry,  including  the  manufacture  into  lumber,  had  an  invested  capital  in  1900  of  $100,- 
168,000  and  turned  out  a  product  valued  at  $81,983,000.6  This  easily  plac<«  it  as  the 
most  important  industry  of  the  State.  Only  two  other  States  exceeded  this  in  1900.  In 
the  same  year,  acx;ording  to  the  United  vStates  Census  report,  Wisconsin  was  the  leading 
Stat«  of  the  Union  in  lumber  and  timber  products,  their  total  value  being  $58,000,000. 
The  amount  of  pine  timber  is  limited  and  already  its  production  is  waning.  Its  place  is 
being  taken,  to  a  large  extent,  by  hard-wood  timber,  bv  cedar  post.s  and  poles,  and  by  hem- 
lock lumber  and  bark.  The  changes  wrought  annually  by  the  lumberman's  ax  and  the 
succeeding  forest  fires  are  very  considerable.  The  recent  appointment  of  a  State  forestry 
commission  promises  much  for  the  protection  and  fostering  care  of  these  great  interests. 

The  once  popular  belief  that  this  northern  area  was  worthless  after  the  lass  of  its  timber 
has  given  way  in  the  past  ten  years  to  a  general  confidence  in  its  agricultural  possibilities. 
This  is  amply  evidenced  by  the  rapidity^  with  which  these  lands  are  being  opened  up  by 
farmers  and  by  their  rapid  appreciation  in  market  value.  In  1895  only  7  per  cent  of  the 
18,000,000  acres  of  the  northern  half  of  Wisconsin  wa.s  cultivated.  This  region  has  fur- 
nished 8.5,000,000,000  feet  B.  M.  of  pine  lumber  alone  in  the  past  sixty  years.  The  grad- 
ual clearing  of  the  timber  has  doubtless  had  an  effect  on  the  run-off  of  the  rivers.  Under 
the  changing  conditions  the  rainfall  will  Ix*  less  absorbed  by  the  soil  and  will  get  to  the 
streams  in  a  shorter  period.  This  is  especially  true  of  the  swamps,  where  the  fires  have 
burned  the  thick  humus  and  moss  which  formerly  delayed  the  passage  of  the  water  to  the 
lakes  and  rivers.  It  is  only"  fair,  however,  to  call  attention  to  the  fact  that  large  areas  of 
the  original  timber  consumed  by  forest  fires  have  been  replaced  by  a  second  growth  of 
both  hard  and  soft  timber,  much  of  it  in  the  form  of  dense  thickets,  which  shade  and  pro- 
tect the  ground  more  effectually  even  than  the  original  forest. 


a  Geoi.  Wisconsin,  vol.  3,  1880,  p.  328.  t>  U.  S.  Census,  1900,  pt.  1,  p.  293. 
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CLIMATIC?  CONDITIONS. 


TEMPERATURE. 


The  climate  of  this  region  is  characterized  hy  a  large  amount  of  sunshine,  with  high 
emporatun^s  in  summer  and  extreme  cold,  deep  snows,  and  clear  skies  in  winter.  The 
summer  heat  and  winter  cold  are  generally  tempered  hy  the  influence  of  the  bordering 
akes.  Lakes  Superior  and  Michigan  cover  an  are*  of  over  54,000  square  miles  and  never 
freeze  over  in  winter.  Although  the  prevailing  wind  is  from  some  westerly  quarter,  this 
is  so  frequently  broken  up  by  the  passing  of  storm  centers  from  the  lakes  that  both  the 
temperature  and  the  humidity  of  the  air  are  affected  by  these  great  bodies  of  water.  Wis- 
consin rivers  are  generally  frozen  over  between  December  1  and  March  30.  The  following 
table  gives  the  highest  and  lowest  temperatures  for  each  month  of  the  year  for  the 
twelve  years  ending  1883  at  places  in  or  adjacent  to  this  region: 

HigheM  aiid  loweM  tern percUurtN  for  each  month  of  the  year  for  the  twelve  years  ending  ISSS.a 


Locality. 


Duluth: 

Maximum 

Minimum 

Marquottc: 

Maximum.  .^ 
Minimum.... 

Escanahu: 

Maximum 

-Minimum 

Alpena: 

Maximum 

Minimum 

5t.  Paul: 

Maximum 

Minimum 

La  Crosse: 

Maximum 

Minimum 


Jan.    Feb.    Mar.  Apr.   May.  ^\\^\t\  .lully, 

I        I        ,        j  ; 


Atig.  S^pt 


51  lu         62 

-38      -34      -20  ' 


91  I     92 

26       3l> 


4\\ 


56         69 
-26      -27 


45         52 
-26     -32 


70       81 

I 

-14         3 


92       95    I  100 
22       31 


m  so 

I 

flit    ,  07 

40.  3'  39.  7|'  28 


Oct.'  Nov.   Dec. 


05         83       88         92     ,  89 
2         20       34    '     42     1  38 


84 


78  I      65  I 

8j-29| 

87  i      66  I 
18  j  -  9 

75  i      61  , 
17  I        9 


52  ,      58         W>  ' 
-27     -27     -14 


91  '    97     I    97       92         92 
22  .     33.5     45    '40 


49 
-31 


68       82         94  '    94       100    i  98 
-22  !      7         24  I    39    ,     46    !  43 


29.3 

22 

-  4 

94  1 

87  , 

72 

30  1 

15  1 

1 

-24 

92  j 

1 
84 

70 

31  1 

18 

1 

-21 

51 
-34 


59 
-20 


48 
-23 


56 
-15 


56 
-30 


59    65    72  I  83  I   96  ,  98  i  101  {  96  |  92    84  ■   70    60 

-43-34    23   10    29  1  40  ,  52   44  i  31  ,  18-21   -37 

^     .  I      _  i__  '   ___!__ 

a  King.  F.  IL,  Northern  Wisconsin  Handbook,  1896. 

In  connection  with  the  sudden  lowering  of  the  winter  temperature,  a  most  interesting 
phenomenon  was  observed  on  St.  Croix  River  by  United  States  engineers  in  the  early 
winter  of  1882:a 

Thi.s  wa.s  the  apparently  close  relation  between  the  temperature  and  the  mean  velocity  and  discharge 
r>f  the  stream,  the  stand  of  the  water  being  at  the  same  time  nearly  constant.  In  the  ejirly  winter  it 
was  found  that  each  cold  wave  which  increased  the  thickness  of  the  ice  about  one-tenth  of  a  foot  at  a 
time  was  accompanied  by  a  great  falling  off  of  the  discharge,  to  be  followed  by  a  partial  recovery  dur- 
ing the  next  few  days,  the  same  phenomenon  recurring  with  great  regularity  at  each  cold  wave.  The 
recovery  of  discharge  being  in  each  case  only  partial,  the  gradual  tendency  was  downward  until  the 
apparent  minimum  was  reached,  when  there  was  no  appreciable  change  for  several  weeks. 


PRECIPITATION. 


The  average  rainfall  for  twenty-five  years  over  the  entire  State  is  close  to  32.3  inches, 
distributed  by  seasons  as  follows:  Winter,  4.7  inches;  spring,  7.6  inches;  summer,  11.7 
Inches;  autumn,  8.3  inches.  If  the  rainfall  of  the  northern  half  alone  be  considered,  these 
Igures  would  probably  need  to  be  slightly  increased.     It  is  worthy  of  note  that  60  per 


oRept.  Chief  Eng.  V.  S.  Army,  1883,  p.  1470. 
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cent  of  the  rainfall  comes  in  the  summer  and  autumn  months,  while  the  least  fall  is  durng 
the  winter  months.  Decemher,  January,  and  February  are  the  months  of  minimum  nin- 
off,  both  because  of  smaller  precipitation  and  because  of  low  temperatures  and  resulting 
deep  frosts. 

In  general,  it  may  be  said  that  the  precipitation  in  Wisconsin  exceeds  that  of  MinD(eo(« 
and  Michigan  and  about  equals  that  of  Iowa. 


Fig.  1.— Rainfall  map  of  Wisconsin. 

Because  of  its  bearing  on  the  nin-off  of  the  various  river  systems,  whose  dischai^  meas- 
urements for  1903  and  19()4  are  herein  given,  the  precipitation  map  shown  in  fig.  1  has 
been  prepared.  It  will  be  noted  that  the  heaviest  rainfall  occurred  in  the  northern  part 
of  the  State,  averaging  about  40  inches. 


PRECIPITATION. 

The  following  table  shows  some  details  of  the  distribution  of  rainfall  by  months: 
Avera^  preeiffUaiion  aijive  stations  in  Wisconsin  for  twenty  years, a 
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a  Moore,  W.  L.,  Rainfall  of  the  United  SUtee:  Bull.  D,  U.  S.  Depc.  Agriculture. 

The  amount  of  precipitation  is  fairly  constant  for  the  winter  and  a  portion  of  the  fall  and 
spring  months,  but  varies  considerably  in  the  summer  months. 

Exceptionally  dry  periods  occur  about  once  in  fifty  years,  when  the  average  (or  three  consecutive 
years  is  22  inches  and  the  least  for  one  year  is  13.5  to  20.5  inches.  Dry  periods  occur  once  in  twenty- 
five  years,  when  the  average  for  three  consecutive  years  is  24.2  inches  and  the  least  for  one  year  is  20.3 
inches.  Moderately  dry  periods  occur  once  in  ten  years.  The  exceptionally  dry  periods  are  preceded 
by  an  exceptionally  wet  period,  when  the  annual  precipitation  has  been  as  high  as  50  inches.  This  is 
followed  by  a  period  of  moderately  heavy  rainfall,  with  a  maximum  of  '45  inches.  The  last  exception- 
ally dry  period  occurred  in  1894  to  1896.a 

The  year  1903  had  a  moderately  heavy  rainfall.  If  the  above  cycle  can  be  depended  on, 
the  next  period  of  maximum  rainfall  may  be  expected  about  the  year  1908. 

Fig.  2  shows  the  progressive  averages  of  the  precipitation  at  Milwaukee  for  the  past  sev- 
enty years,  computed  by  the  formula —  b 

a-\-4b-\-Qc-{-4d-\-e      , 
16 

where  e  represents  the  rainfall  of  the  year  in  question  and  6  and  a  stand  for  the  rainfall 
in  the  two  years  preceding,  while  d  and  e  represent  the  rainfall  of  the  following  two  years. 


oKiPchoiTer,  W.  G.,  master's  thesis. 

b  After  Blandford.    See  Bull.  D,  U.  S.  Weather  Bureau. 
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This  curve  makes  clearer  the  nature  of  the  rainfall  cycle. 

In  the  following  table  are  shown  the  long-term  precipitation  records  of  four  t; 


t          ^           ^           ^           ^ 

J7 

f 

1 

s 

K 

Jfi 

J^ 

1 

) 

/<9-#a 

/ 

C 

*f 

/ 

^ 

*^ 

J 

*^ 

^ 

\ 

f 

** 

V 

f\ 

k 

1 

.     ^s 

_j 

K 

1 

■*t 

^H. 

^ 

^7 

^  H 

W 

*9 

^ 

^ 

^» 

-r^' 

.  fBSQ 

\ 

Sf 

-      ^ 

\ 

ss 

^ 

s* 

1 

\ 

.     ss 

V 

S4 

\ 

ST 

\ 

1 

JS 

,-H- 

I 

S9 

f' 

■* 

.p  . 

.  *B€0 

^s 

^ 

6/ 

" 

"■^ 

,     5^ 

^ 

6^ 

69 

y 

.       65 

^^ 

■ 

6$ 

"1 

; 

.    •  67 

^ 

ee 

'  ,^ 

€9 

^ 

.  i^TO 

i 

^ 

7f 

Ta 

\ 

7S 

'•^ 

^ 

■  M 

■^ 

.      ^ 

! 

7« 

-1^  - 

.  _ 

^^ 

*K 

2 

. 

TT 

-- 

r' 

-"- 

- 

79 

./e0o 

.     s/ 

fi? 

« 

y 

S3 

d^ 

^  ^ 

S£ 

.> 

96 

/ 

.       67 

66 

» 

V 

S9 

>s 

.  fSBO 

9/ 

se 

^ 

^  .^ 

94 

B£ 

1 

9^ 

'^ 

.       97 

96 

99 

^' 

_  /900 

/ 

' 

Of 

_       0^ 

'-^ 

_       03 

jO* 

Fir,.  2.— Chart  showing  rntnfall  at  Milwaukee.  1837-1904. 

stations  in  this  general  region.     The  rainfall  at   Milwaukee  appears  to  be  consider 
less  than  the  average  of  the  State. 
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pUation  at  Milwaukee  and  Embarrass^  Wis.,  and  Duluth  and  St.  Patd,  Minn. 
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1903. 
1904. 


Mil- 
wau- 
kee. 


Em- 
bar- 
ras.^. 


3&6 
50.4 
46.2 
38.3 
24.9 
30.0 
39.1 
2a4 
29.5 
30.6  ! 

32.6  ' 
31.5  I 

30.5 : 

23.5  ' 

31.7  I 

3ai  I 

29.8  ' 
35.0  I 
32.9 
27.8  ' 


43.9 

48.9 

34.4 

37.6 

41.6 

49.8 

57.4 

49.0 

42.2  I 

62.1 

42.6 

45.4' 

43.6  I 

43.9  I 

33.8  , 
44.0  I 
41.2  I 

44.9  I 
23.1 


li 


24.9 

16.7 

29.0 

32.4 

31.0 

25.3 

32.4 

28.1 

22.8 

27.8 

30.1 

18. 1 

28.6 

23.4 

29.9 

Du- 
luth. 


27.0 
32.3 
34.3 
28.1 
45.3. 
38.2 
37.6 
3&0 
23.2 
35i8 
20.0 
33.3 
28.5 
27.3 
32.0 
24.1 
29.5 
28.5 
23.3 
31.7 
22.3 
27.1 
30.9 
19.7 
30.5 
23.1 
26.7 
28.1 

2ao 

24.5 


St. 
Paul. 


3a7 
23.6 
28.7 
22.6 
32.5 
29.8 
39.2 
23.1 
26.5 
26.1 
25.3 
22.9 
25.9 
25.8 
17.1 
23.5 
21.8 
32.6 
26.0 
25.8 
24.3 
34.7 
30.5 
25.3 
27.6 
34.2 
25.8 
31.8 
37.9 
34.1 


FOX  RIVER  SYSTEM. 

DRAINAGE. 

innebago,  the  largest  inland  lake  in  Wisconsin,  divides  Fox  River  into  two  rad- 
;rent  sections,  the  upper  and  the  lower  Fox.  The  upper  river  approaches  from 
ULSt  to  within  about  a  mile  of  Wiscon-sin  River  at  Portage,  then  turns  to  the  north- 
)  course  to  Lake  Winnebago.  It  winds,  with  low  banks,  through  broad  savannas 
ly  a  gentle  slope,  passing  a  total  distance  of  25  miles  through  three  long  lakes 
:;hing  Lake  Winnebago. 

e.  Buffalo  Lake,  and  Lake  Puckaway  have  been  caused  by  the  deposits  of  affluents  which 
ream  has  not  been  able  to  wash  away,  plainly  indicating  that  the  present  upper  Fox  did  not 
urse,  for  it  has  not  even  the.  power  to  keep  itself  free,  but  instead  is  filling  up.  Lake  Butte 
md  Lake  Winnebago  arc  depressions  which  the  present  tendency  is  to  fill  up.o 

V^arren's  hypotheses  for  thes*^*  peculiar  conditions  have  been  widely  accepted,  and 
^resting  that  they  are  here  given: 

only  to  suppose  that  all  the  waters  of  Lake  Winnebago  basin  (including  that  of  the  upper 
rly  drained  to  Wisconsin  River;  that  a  slow  change  of  level  in  this  region  elevated  the  south- 
rt  and  depressed  the  northeastern  part  till  a  large  lake  was  formed,  which  finally  overflowed, 
9  course  of  the  lower  Fox.    This  explains  the  present  doubling  back  in  the  course  of  the 


a  Warren,  G.  K.,  Rept.  on  Wisconsin  and  Fox  rivers,  1876. 
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upper  Fox  and  tributaries,  and  it  accounts  for  the  close  relation  and  yet  opposite  courses  of  Fox  and 
Wisconsin  rivers.  As  the  level  changed  the  erosion  at  the  outlet  could  not  keep  pace  with  it  and  so 
prevent  a  lake  forming,  because  a  granite  ridge  lies  near  the  surface  between  the  Wisconsin  and  Buffalo 
Lake.  When  the  lower  Fox  outlet  formed  the  loose  material  covering  the  rocks  rapidly  gave  way  and 
lowered  the  lake  level  down  to  the  rock,  which  now  (1875)  keeps  it  to  its  present  level.  The  period  oi 
this  change  was  post-Qladal,  because  this  alluvial  terrace  is  free  from  Olacial  drift,  which  it  could  not 
have  been  if  formed  before  in  a  region  like  this,  surrounded  by  Glacial  drift  deposit. 


UPPER  FOX. 

Fox  River  descends  only  40.4  feet  in  the  95.5  miles  between  Portage  and  Lake  Winne- 
bago— an  average  fall  of  less  than  0.5  foot  to  the  mile. 
The  following  table  shows  the  river  profile  in  detail  as  given  by  United  States  engineers: 

ProJiU  of  Fax  River  from  Lake  Winnebago  (OshJeosh)  to  Portage  lock  {Fort  Winneb<Mgo). 


Station. 


Lake  Winxiebago 

Eureka  lock ,  crest 

Berlin  lock,  crest 

White  River  lock,  crest 

Princeton  lock,  crest  (Lake  Pucka wa) 

Grand  River  lock,  crest 

Montello  lock,  crest  (Lake  Buffalo) . . . 

Governor  Bend  lock,  crest 

Fort  Winnebago  lock  (Portage) 


Distance— 


Be- 


From 

Lake  i  *,„^„ 

Winne-  ^° 

bago.  P^*"*»- 


Eleva- 
tion 
above 
sea  level. 


I  Descent  between 
points. 


Total.  I  Per  mile 


Fox  River  has  been  improved  for  navigation  by  the  Federal  Grovemment  along  this  entire 
distance  by  the  building  of  10  locks,  but  the  slight  fall  gives  few  opportunities  for  water 
power. 

The  first  dam  on  the  Fox  is  at  Pardeeville,  where  a  head  of  14  feet  is  available.  Wisconsin 
River  is  about  10  feet  above  Fox  River  at  Portage,  and  this  fall  could  be  utilized  by  a  dam 
near  the  Fort  Winnebago  lock.  A  considerable  quantity  of  water  could  be  dischaiged 
through  the  canal  with  safety. 

At  Montello,  28  miles  below,  a  turbine  is  installed  under  a  head  of  3  feet,  developing 
power  for  a  gristmill.     No  developed  power  is  in  use  on  the  river  below  this  point. 

The  three  principal  tributaries  of  the  upper  Fox  have  a  fall  of  about  250  feet — much 
greater  than  that  of  the  main  river;  they  are  all  found  on  the  north  side.  These  branches, 
Montello,  Mecan,  and  White  rivers,  start  as  clear,  steady  springs,  running  from  the  sand 
ridges  of  the  drift  covering  that  portion  of  the  basin.  They  are  each  about  20  miles  long, 
and  would  be  unimportant  except  for  the  fact  that  their  fall,  combined  with  their  steadiness 
of  flow,  makes  them  of  considerable  value. 

Montello  River  joins  the  upper  Fox  at  Montello.  A  dam  at  this  point  has  a  head  of  11 
feet,  furnishing  power  for  a  flouring  mill  and  a  woolen  mill.  This  head  could  be  easily 
increased  to  16  feet. 
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oUowing  table  shows  the  principal  developed  powers  on  the  tributaries  of  the 
ox. 

Developed  water  jxnoers  on  tributaries  of  upper  Fox  River. 


Location  and  stream. 


er.  Pine  Creek 

,  Pine  Creek 

1,  ditch  from  Mecan  River 

ilver  Creek 

,  Pine  Creek 

der,  Waomander  Creek. . . 


Owner  and  use. 


Head. 


Little  River C.  F.  Stollyman,  flour  and  feed 

,  Duck  Creek C.  E.  Pierce,  flour  and  feed 

ter,  Grand  River '. G.  Pfeiffer,  flour 

tad.  DeNevue  Creek D.I.  Williams,  flour  and  feed 

,  Grand  River P.  Wieski,  flour  and  feed 

(^eenah  Creek H.  Larmer,  flour  and  feed 

H.  E.McNutt,  flour  and  feed 

Skinner  &  Johnson,  flour  and  feed 

W.  H.  Paulsen,  flour  and  feed 

Teske  &  Zierka,  flour,  feed,  and  electric  light. 

Nohr  Milling  Co.,  flour  and  feed  1 

B.  W.  Heald,  flour  and  feed 

A.  G.  Ochsner,  flour 

a,  Mecan  River I  William  Henke,  flour  and  feed 

1,  Montello  River I  Cochran  &  Nettinger,  flour  and  feed 


H.  P. 


33 
70 
45 
30 
30 
70 
190 
60 
70 
180 
120 
54 
27 
36 
85 


LOWER  FOX. 

GEOLOGY  AND  TOPOGRAPHY. 

of  Wolf  River  Valley  is  the  more  prominent  though  similar  valley  of  Green  Bay  and 
innebago.  In  pre-Glacial  time  it  must  have  been  much  smaller  in  size,  having  been 
ed  to  its  present  great  size  by  the  glacier.  Lake  Winnebago  alone  covers  about  200 
niles,  while  the  area  of  the  connecting  valley  below  (lower  Fox  River)  is  400  square 

estem  slope  of  both  valleys  is  gradual,  but  the  eastern  slope  is  precipitous,  being  cut 
he  soft  Cincinnati  shales  overlain  by  the  hard  '^  Niagara ''  limestone.  The  bed  is 
i  "Galena*'  limestone  of  the  "Trenton"  series.  The  eastern  side  of  the  lower  Fox 
rainage  basin  rises  abruptly  100  to  200  feet  above  the  water  in  Green  Bay,  and 
3S  as  a  line  of  cliffs  along  the  eastern  shore  of  the  pre^nt  Lake  Winnebago,  and 
outhward,  though  largely  covered  with  drift  in  the  southern  part  of  the  State.  The 
iction  sent  down  an  immense  ice  sheet,  cutting  out  the  valley  of  Lake  Michigan, 
branch  tongue  gouged  out  Green  Bay  Valley  to  its  present  size.  On  the  peninsula 
Green  Bay  and  Lake  Michigan  was  formed  the  prominent  Kettle  Range,  a  medial 

loor  of  Green  Bay  Valley  has  a  rapid  rise,  Lake  Winnebago  being  166  feet  above 
lay.  The  portion  of  the  old  valley  now  occupied  by  the  upper  Fox  was  largely 
th  drift,  and  it  seems  probable  that  to  the  action  of  the  glacier  in  cutting  down 
rvening  "Lower  Magnesian  "  rampart  and  in  partially  filling  the  upper  valley  of  Fox 
\  due  the  change  in  the  flow  of  upper  Fox  and  Wolf  rivers  through  the  newly 
1  Green  Bay  Valley  to  the  lake.  It  is  also  likely  that  the  change  in  flow  is  partly 
I  depression  toward  the  north,  which  occurred  during  or  after  the  recession  of  the 
as  suggested  by  Major  Warren.  This  depression  caused  an  advance  of  Lake  Michi- 
ich  rearranged  the  drift  and  deposited  the  red  clays.  By  means  of  the  latter  this 
shore  of  the  lake  can  now  be  traced  northward  beyond  Shawano,  on  Wolf  River, 
d  up  Fox  River  above  Berlin,  and  southward  to  a  few  miles  north  of  Fond  du  Lac. 
innebago  is  a  comparatively  modem  reservoir,  formed  in  the  valley  by  the  deposi- 
;lacial  drift. 
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PROFILE. 


The  table  below  gives  in  detail  the  profile  of  the  river  to-day,  after  the  extensive  naviga- 
tion improvements  by  the  United  States  Government: 

Profile  of  Fox  River  from  Lake  Winnebago  {Menasha)  to  Green  Bay. a 


Station. 


From      Between ' 
Menasha.    points.   | 


Menasha  dam,  crest 

Appleton  upper  lock ,  crest . 

Appleton  locks,  foot 

Cedars  lock,  crest 

Littlechute  locks: 

Crest 

Foot 

Grand  Kaukauna  lockB: 

Crest 

Foot 

Rapide  Croche  lock: 

Crest 

Foot 

Little  Kaukauna  lock: 

Crest 

Foot 

Dopere  lock: 

Crest 

Foot 

Green  Bay 


Distance. 


Miles, 

a 

5. 
6. 
9. 


lae 

11.6 

la. 

14. 

17. 
17. 

23. 
23. 

29. 
29. 
35. 


I     Descent  he- 
Eleva-      tween  points. 

tlon      I 

above    '  ,     .^ 

sealevel.|ToUl.|   ^^^^ 


Miles. 


I 


5.1 
1.2 
3.3 

1.0 
1.0 

1.7 
.9 

3.7 
.25 

ao 

.2 

5.9  !- 
.0  I 
5.4     I 


I 


Feet.  I 
745.1  I 
736.5  I 


Feet. 


Feet. 


699.7 

6oao 

653.8 

653.8 
603.3 

603.3 
583.9 

583.9 
587.7 

587.7 
580.0 
580.0 


.7  I      36.8  ! 


9.7  I 
36.2  I 

.Ol 

5a5  ' 

\ 

.0| 
9.4  I 

.oi 

6.2  , 

I 
.0 

7.7    . 

.0    . 


1.9 


9l7 
36.2 


.0 
5(xl 


.0 
37.6 


.0 
31.0 


a  From  United  States  engineer's  profile  of  the  river. 

These  improvements  have  changed  the  river  into  long  stretches  of  slack  water,  with  per- 
haps shoK  rapids  at  the  foot  of  a  dam,  except  at  Grand  Kaukauna  and  Grand  Chute,  the 
site  of  the  city  of  Appleton,  where  the  rapids  are  passed  by  canals,  while  the  river  flows  over 
its  original  steep  bed. 

RAINFALL  AND  RUN-OFF. 

The^nited  States  engineers  have  maintained  a  gaging  station  at  Rapide  Croche  dam  ever 
since  March,  1896.  The  assistant  engineer  in  charge,  L.  M.  Mann,  states  that  the  crest  of 
the  dam  at  this  point  is  well  suited  for  a  weir.  Care  Ls  taken  to  read  the  gage  three  times 
daily,  the  mean  reading  being  used  to  calculate  the  daily  discharge. 

According  to  these  records  the  mean  low-water  discharge  for  the  past  eight  years  was 
1,409  second-feet  and  the  average  discharge  3,007  second-feet;  2,660  second-feet  may  be 
regarded  as  the  ordinary  flow  of  the  river.  Becaust^  of  the  steadying  effect  of  Lake  Winne- 
bago and  the  lakes  above,  formed  by  the  expansion  of  upper  Fox  and  Wolf  rivers,  the  dis- 
charge of  the  river  is  remarkably  uniform.  At  Appleton  the  ordinary  variation  from  low 
to  high  water  is  scarcely  more  than  2  or  3  feet  throughout  the  year. 

The  following  table  gives  the  maximum,  the  minimum,  and  the  average  flow  for  each 
month  for  nearly  nine  years,  ending  December,  1904,  as  measured  at  Rapide  Croche  dam, 
and  also  the  rainfall  and  run-off  for  the  same  period: 
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EstimaUd  monthly  discharge  of  lower  Fox  River  at  Rapide  Croehe  dam. 
[Drainage  area,  6,200  square  miles.] 


Month. 


1805. 


ry. 


l>er. 


1896. 


ber. 


he  year. 


1897. 


ry- 


lK?r. 


\ycv. 
>or. . 


he  year. . . 
1898. 


ry. 


ber. 


Dischaif^  in  second-feet. 


Run-off. 


ICaxi- 

mum. 


4,972 
5.201 
5,796 
12,706 


Mini- 
mum. 


Mean. 


416 
962 

173  I 
072  ' 
185  I 


2,262 
2,545 
2.062 
3,076 
4,233 
6.628 
3,451 
3.047 
2.242 
2,071 


3,931 
4,320 
3,947 
8,510 
5,610 
12.760 
7,612 
4.424 
3.988 
3, 417 


Second- 
feet  per 
square 
mile. 


0.634 
.697 
.637 

1.87 
.905 

2.06 

1.23 
.714 
.643 
.551 


Depth  in 
inches. 


0.731 
.726 
.734 

1.53 

1.04 

2.30 

1.42 
.823 
.717 
.635  j 


RainfaU.I 


Inches. 


,  Per  cent 
of  rain- 
fall. 


I 


1,739 

(y97 

1,284 

.207 

.239 

1.14  j 

21.0 

1,765 

400 

940 

.152 

.170 

4.39  ' 

a  87 

4.246 

1.563 

3,140 

.506 

.583 

5.23 

11.1 

4,605 

2,173 

3.726 

.(lOl  I 

.670 

2.75 

24.4 

3.863 

880 

2,787  . 

.450 

.519 

3.09 

16.8 

2,607  ' 

123 

1,470 

.237 

.273 

3.09 

&83 

390 

9 

146 

.024 

.027 

a23 

.84 

1,888  ' 

145 

1,065 

.172 

.198 

2.55 

7.76 

2,882  1 

985 

2.007 

.324  • 

.362 

3.06 : 

11.8 

3.558 

a% 

2,367 

.382 

.440 

1.04 

42.3 

29.57 


3.795 

1.512 

3.522 

1,297 

5,344 

1,160 

8,728 

3.296 

5,344 

2.519  1 

4.749 

2.032 

4.071 

1,297 

.3.2.T0 

116 

1.588  1 

272 

2.<i08 

2{*9 

2,  mA 

Siil   ! 

3, 770 

Stti 

2,762  : 
2,765 
2.711 
6,132  I 
4.016  ' 
3.246 
3.200 
1,881 
833 
1.424 
l.«<i2 
2.314 

2, 7r.2 


.445 
.446 
.437 
.989  I 

.648 : 

.524  ' 
.516  I 
.3a3  I 
.134 
.230 
.300 
.373  ' 

.445 


.513 
.464 
.504 
1.10 
.747 
.585 
.595 
.349 
.150 
.265 
.335 
.430 

6.04 


1.37 
1.17 
2.19 
2.00 
1.74 
5.00 
3.51 
2.00 
2.  .W 
2.15 
1.50 
.86 


2r>.  08 


158 

19ti  I 

872 

602 

852 

960  j 

553 

805 

795 

368 


1.425 

1.494 

1,782 

2,568 

2,204  \ 

XSM  i 

438 

8(>(> 

442 

383 


2.r>59 
2,359 
2.9f)8 
4,079 
4.743 
3,216 
1.571 
1,817 
1,088 
1,201 


.413 

..380 

.479 

.658  ' 

.765 

.519  1 

.253 

.293 

.175 

.104  ' 


.552 
.734 
.882 
.  579 
.292 
.338 
.195 
.224 


37.5 
39.6 
23.1 
55.0 
42.9 
11.6 
16.9 
17.4 
5.9 
12.3 
22.3 
50.0 


23.2 


.71 

67.1 

1.21 

32.8 

2.18 

25.3 

2.02 

36.4 

2.75 

32.1 

3.84 

15.1 

3.09 

9.45 

3.00 

11.3 

2.36 

8.25 

3.15 

7.10 
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EstimaUd  monthly  discharge  ofUnver  Fox  River  at  Rapide  CroeKe  dam — Continued. 


Month. 


1808. 


November. 
December. . 


The  year. 


1899. 


January 

February.. 

March 

April 

May 

June , 

July 

August 

September. 

October 

November. , 
December. . 


The  year. 


1900. 


January... 
February . . 

March 

April 

May 

June 

July 

August 

September. 

October 

November. , 
December. . 


Discharge  in  aeoond-feet. 


Maxi- 
mum. 


2,726 
2,805 


6,852 


2,417 
2,810 
3,435 
5,707 
8,767 
8,671 
5,171 
3,505 
1,437 
2,079 
2,648 
2,672 


8,767 


The  year. 


2,684 
3,024 
3,677 
4,355 
4,054 
2,206 
2,413 
2,646  i 
3,518  I 
8.036  i 
9.507  , 
8.222  I 


Mini- 
mum. 


Mean. 


9,597 


Januar>' . . . 
February.. 

March 

April 

May 

June 

July 

August 

September. 

October 

November. 
December. . 


1901. 


The  year. 


1,234  I 


994 


2,213 
2,175 


2,499 


771  ' 
1,014  I 

995 

1,447  I 

3,787  j 

4,018  I 

1,741  ; 

791  I 

707  I 

396  I 

613  I 

105  I 


1,905 
2,075 
2,252 
3,657 
6,209 
0,298 
3,786 
1,836 
968 
1,144 
2,119 
2,042 


105 


2,859 


841 
1,044 
1,110 
1,107 
1,383 
258 
131 
1,057 
1,107 
1,734 
4,048 
1,668 


2,174 
2,247 
2,556 
3,414 
2,976 
873 
058 
1,831 
2,021  I 
5,230 
8,062  I 
4,353  I 


Run-off. 


Second- 
feet  per 
square 
mile. 


a  357 
.351 


.403 


.307 
.335 
.363 
.500 
1.00 
1.02 
.611 
.296 
.150 
.185 
.342 


Depth  in 
inches. 


a396 
.405 


5.47 


.354 
.349 
.418 
.658 
1.15 
1.14 
.704 
.341 
.177 
.213 
.382 
.379 


Rainfall 


Inches. 


1.49 
.35 


Per  cent 

of  rain- 

faU. 


2&7 
ll&O 


26.15 


.461 


I 


6.26 


.351 
.362 
.412 
.551 
.480  ' 

.u.| 

.154  ! 
.295; 
.326  , 
.844  i 
1.30  , 
.702  I 


.405 
.377 
.475 
.615 
.553 
.157 
.178 
.340 
.364 
.973 
1.45 
.809 


1.12 
.90 
2.31 
3.00 
3.06 
5.40 
3.29 
2.73 
2.68 
3.02 
.74 
1.47 


2a» 


31.6 
3&8 
1&2 
21.9 
37.3 
21.2 
21.4 
12.5 

&eo 

7.05 
51.6 
2&4 


29.74 


131 


3,058  I 


.493 


6.70 


.74 
1.56 
1.09 
2.82 
1.61 
2.68 
6.45 
4.30 
6.17 
7.06 
1.57 

.60 

36.70 


21.1 


54.7 

24.2 

43.6 

21.8 

34.5 

5.86 

2.76 

7.91 

5l90 

13.7 

92.4 

117.0 

18.2 


!      4,349 

1,939  ' 

1 
3.526 

1 
.569 

1 
.656  I 

1 
.90  1 

72.9 

4,634 

1.825 

3.773 

.009 

.634  i 

.46  1 

13&0 

1        6,431 

1.742 

3.839 

.019 

.714 

3.04 

23.5 

1       12,033 

2.409 

8.900 

1.45 

1.02    1 

.79  1 

205.0 

6,905 

3,453 

4.994 

.805 

.928 

2.72  1 

34.1 

'        5,087 

1,741 

3.723 

.000 

.069  i 

4.62  1 

115 

1        4,557 

2.045 

3.501  1 

.505 

.051 

&41  1 

ia2 

3,840 

1.130 

2.176  1 

.351 

.405 

2.38 

17.2 

'         1,687 

075 

1,221  1 

.197  1 

.220' 

3.96 

5.56 

'        3.873 

9.910 

2.551  1 

.411 

.474 

2.93 

16.2 

3,873 

1.040 

3,250  1 

.525 

.586' 

1.25 

4&9 

'        3.672 

1.404 

2.708 

.440 

.514 

.81 

63.5 

1       12.033 

075 

3.001 

.590 

a  07 

30.27  j 

26.7 

FOX    RIVER   8Y8TEM. 


26 


Estimated  manOdy  discharge  of  lower  Fox  River  at  Rapide  Croche  dam — Continued. 


Month. 


I 


1902. 

January. .  .*. , 

Fel  >  ruarj' 

March 

April ' 

May I 

Juno 

July 

August 

Septoniber 

r>ctobt'r ' 

NovemlxT 

Decemlier 

The  year 

1903. 

Januar>' 

Februar>' 

March 

April 

May 

June 

July 

August 

Septeuilj«T 

October 

November 

Decemlier 

The  year 

1904. 

January 

Februarj- 

March 

April 

May 

J  un«» 

July 

August 

S«*pt«Mnl)er 

()ctol)er , 

NovenilKT 

Dt-o'inlxT 

The  year 


Discharge  in  second-feet- 

Hiin-off. 

Hainfali. 

Maxi- 
mum. 

Mini- 
mum. 

Mt?ati. 

at^ond- 

fi^t  per 

nqnint*. 

miK 

Di'pth  En 

Iticbiv. 

Pereeiit 
foU. 

3,136 

765 

2.3163 

0.305 

a  421 

0.60 

61.1 

3,480 

696 

2.142 

.34£ 

.zm 

1.53 

23.5 

4.019 

1.135 

2. sett 

.40e 

.537 

1.50 

35.S 

3,252 

947 

2.3SS 

.377 

.421 

2.42 

17.* 

12.317 

1.471 

4.IKI5 

,7^i 

.918 

4.02 

Zlg 

11,868 

3,491 

4;,930 

KI2 

L25 

1S9 

22.1 

5.703 

1,647 

4.304 

.694 

.MM) 

&47 

14  fi 

4.086 

1.311 

:!.NU6 

.¥il 

,538 

1.40 

3S.4 

1,865 

515 

i.2.« 

.354 

.228 

2.81 

8.tL 

3.024 

435 

L.81K 

.2^ 

.338 

i.U 

17.4 

3.184 

75«i 

J  ^i\ 

JIHH 

.*n 

2.90 

14,9 

3.100 

892 
435 

2.274 

.367 

.423 

1.93 

21.9 

12,317 

3.037 

.490 

6.66 

30.50 

21.8 

3.756 

1,206 

2,760 

.445 

.513 

.47 

109.5 

3,652 

1.675 

2.949 

.476 

.496 

.80 

62.0 

8.437 

1.780 

3.827 

.617' 

.711 

3.12 

22.8 

9.297 

3.886 

6.500 

1.05 

1.17 

3.14 

37.3 

7.378 

3.043 

5,532 

.892 

1.03 

5.87 

17.6 

6,791 

2.tV56 

5.061 

.816 

.910 

2.14 

42.5 

5.571 

1,856 

4.124 

.665 

.767 

5.47 

14.0 

4.449 

1.438 

3.446 

.556 

.641 

6.23 

10.3 

5.519 

1,829 

4.321 

.697 

.778- 

5.91 

13.2 

5.826 

2.590 

4.686 

•  .  7.')6 

.872 

2.75 

31.7 

5.077 

1.733 

3,686 

.595 

.664 

1.14 

58.3 

3.702 

1.319 

2.885 

.465 

.536 

.71 

75.6 

9.297 

1.20(i 

4.148 

.md 

9.09 

37.75 

24.1 

3.869 

1.185 

3.074 

.496 

.571 

.38 

150.0 

4, 134 

1,5«« 

3,128 

.5a5 

.545 

1.45 

37.6 

7.425 

1.724 

S.-'^S 

..■MS 

.a32 

1.80 

35.1 

9.  «i37 

1.612 

6.669 

1.08 

1.20 

1.86 

64.5 

11.682 

4. 4543 

8.707 

1.40 

1.61 

5. 93 

27.1 

9,793 

2,3.16 

6,  <V82 

1.08 

1.20 

3.99 

30.1 

4.111 

1.416 

3.  ia5 

.501 

.578 

3.98 

14.5 

4.(M3 

1..S51 

2.985 

•      .481 

.^M 

3.01 

18.4 

2.f>31 

988 

1.854 

.299 

.334 

5.75 

5.81 

6.434 

1.324 

3. 4.57 

.558 

.643 

4.73 

13.  6 

6.9;i5 

1.W7 

4.056 

.«i54 

.730 

.30 

243.5 

4.  .'194 

1.812 

3. 618 

..W4 

.  673 

2.13 

31.6 

ll.««2 

{«8 

4.228 

.  im 

9.270 

35.31 

26.2 
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Mean  daily  discharge,  in  second-feet,  of  lower  Fox  River  at  Rapide  Croche  dam. 


Day. 


Jtta.      Ffb,  ,  Uar. 


I 


3,012 


3 1  3,350 

4 1  3,781 

5 1  4,447 

6 1  4,209 

7 1  4,285 

8 '  3024 

9 1  2,967 


10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


Total . . . 
1896. 


4,244 
4,422' 
4,594| 
4,559 
4,102 
3,112 
2,49; 
3,916 
4,244 
4,602 
4,654 
4,619 
3,027 
2,963 
4,742 
4,829 
4.576 
4,972 
4,653 
3,413 
3,13; 
4,576 


I 
4,ff72i 
4,32» 
4,766 
5,164| 
3,765 
2,689 
4,785; 
4,973 
5,063 
5,009 
5,173 
4.061' 


121,850 


2,892 
4.83o| 
5,201; 
4,785 
4,723 
4,6371 
3,369* 


2,545 
4,839| 
4,910 

4,847! 
4,777| 
4,356 
3,055; 
2,575 
4, 186, 


4,W7 
4,438 
4,285| 
4,260j 
2,846i 
2,611 
3,982^ 
3.9y8J 
4.021, 
4,4191 
4,214| 
2,7041 
2,264 
2,062 
3,892 
3,685 
3,876 
4,313 
2,529 
2,098 
4,228 
4,490 
5,796 
5,757 
5,626 
4,508l 
^,546^ 
4^353^ 
4.268| 
4,395| 
4,185i 


Apt. 


4,79S; 

3j  m 

3,076; 
5,064 
5.5a'j 
5,998^ 
5,804 
7,052i 
8,803 
9,422 
11,435 
12,354' 
12,706 
12,187 
12,033 
11,0(» 
11,110 
11,637 
12,277j 
11,879 
■10,336 
10,639! 
9,406 
9,032' 
9,208| 
7,66l| 
5,862| 
6,164 
6,144 
3,362 


Mar, 


4|373 

5.880 

5,910 

5,949 

6,135 

4.493 

4,233 

5,546 

6,386 

6, 155 

6,03; 

6,066 

4,642 

4,399' 

6, 179 

6,165' 

6,274| 

5,8911 

6,115' 

4,803 

4,386' 

5,804| 

6,047, 

5,8801 

5,880 

5,S4l' 

4,566; 

5, 129 

6, 597 1 

6,312 


June,  1  J11J7,  I  Au^. 


I. 


6,€ai 

7,33©' 
6,935! 
7,225 
8,277 
15,416 
14,244 
14,178 
15, 132i 
14,286 
14,122' 
14,060| 
14,559, 
14,585| 
14.219; 
14,365! 
14,588' 
13,98r 
14,277; 
14,279, 
14,191i 
13,419 
13,674' 
13,513' 
12,524 
11,892| 
14,021 
12,2651 
12,509' 
12,251 


11  ♦( 

10,433! 
10,585 
10,664 
10,639 
9.415 
9,206 
7,865| 
7,416 
8,803 
9, 124 
9,066 
8,760 
8,521 
7,165 
6,699- 
8,860 
7,873 
6,597 
6,577 
5,804 
4,583 
3,451 
5.797 
6,179 
5,498 
5,545 
5,192 
3,562 
3,480 


S^pt.     Oct.      Nov.     £«?. 


I 


4,mi 

4,063' 

4,964' 

4,936' 

5, 173' 

3,41ll 

3,385' 

4,382; 

4,84; 

4,898| 

4,2421 

4,847 

3,577 

3,383 

4,849! 

4,937J 

4,9371 

5,027! 

4,785! 

3,047! 

3,526' 

4,794 

4,892 

5,036 

5,019 

4,804 

3,593J 

3,518 

4,145 

4,086| 

4,2(V: 


4.608 
5,072 
3,387! 
3,048 
3,788' 
4.102 
4,487: 
4,395! 


I7|     4,430 
3,969 


3,106 
4,372 
4,144 
4,327 
4,447 
4,243 
2,850 
2,826 
4,236 
4,405 
4,447 
4,294 
4,337 
2,974 
2.242 
4.030 
4,421 
4,162 
4,285 
4,127 


120,975  122, 346 '255, 292  173.925  382,9541235,989  137, 150' 119,65: 


I 
888' 
697 1 
1,386! 
1,226| 
1,395! 
1,338J 
l,43ol 
1.113' 

919 

1 
1.271, 

l,479j 

1,407, 

1,407 

1,271 

981 

837 

1.437 


19 I !     l,48<i 

20 I !     1,366: 


9 1 

10 ; 

11..              .  . 

12..          . 

13 ' ' 

14 ' 

15 ^ 

16..             '.. 

17 ! 

18 ; 

I 

1,272, 

1,027J 
922 
760 

1,048 
780 
761 
922' 
859 
904 
859 
400 
044 
8.59 
922 
9S.5 

1,04>S 
98.5 
044 
608 


2,406 
2,088' 
l,503i 
1,639 
3.493; 
3.  lf.0, 
3.312i 
2.993 
3.230 
2,032 
1,575 
3,»U 
3,427 
3,470 
3,5.58 
3,390 
2.(m 
2.4(» 
3.. 591 
3,897; 


2401 

240[ 
141 
282 
907, 
897, 
1.15 
401 
282 
GOo 
389 

100  1; 

290     3, 


,913 
,037 
,79(3 
,897 
,897 


694 

728^  1 

701;  1 

032.  2 

880  2 

820  2 

.592|  2 

.394  2 

8()3  1 

728  1 

70l'  1 

20l|  1 

l».52|  1 
.592 
;)2,5 
.52.5^ 
f.04| 

mv 

872 
072^ 


9121 
,048! 

,512} 

,314, 

,461 

,.578' 

,007' 

490 

,2.50 

,392 

,818 

,818| 

,705| 

,723 

,000 

985' 

I 

,352, 

,000. 

2.U32| 

2,061: 


2,071 
2,1J3 
3,546 
3,584 
3,366 
3,554 
3,932 
3,057J 
2,504 

3,971' 
4,022' 
3,884' 
3,764' 
2,774' 
2,227 
3,955' 
4,052' 
4.086' 
3,939 
3,956' 
2,088' 
2,173' 
3,917' 
4,021' 
4,069' 
4,08l' 


4,160. 
2,710'. 
2,263'. 
4,185'. 


105,942; . 


'259 

145 

298 

608 

179 

838 

78 

608 

M) 

683 

36 

1,440 

179 

880 

328 

1,070 

390; 

122I 
192J 

13() 


1.093' 

608' 
779 


085 
1,048 
l,512i 
l,537i 
1,8?2 
1,872 
1,792 
1,563 
1,093 
2,201' 


48     1,093, 


X  48, 
205 


922 


145     1,093 


192 
134 
78 
195 


1,138 
608 
722 

1,362 


2,229 
2,638, 
2,729 
2,729; 
1,115, 
1,160 
2,460 
2,729 
2,668 
2,72» 


2,821 
3  135 
3.230 
3,558 
3,135 
1,952 
2.372 
2.821 
2.789 
2,913 
2,913 
2,7-29 
1,647 
1,672 
2,519 
'2,460 
2,607 
2,578 
2,578 
1,563 
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Mean  daily  diithargej  in  seetmdrfiety  of  lower  Fox  River  at  RajnJe  Croche  dam — Continued. 


Day. 


Jan. 


Feb. 


Mar. 


ISiV. 


22 1 

23 --'           -  ' 

24 

._..; L___..^ 

25 i 

26.    .                                    

27 

28 

29 

30.                                        

31 

414 
,024 
,024 
,739 
.461 
,224 
,179 
,605 

337 
,522 
,707 


Totul . 


39,818 


1 \    2,20ll 

2 2,173 


3 

4 

5 

6 

8 

9 

10 '  2,607, 

11 2,2861 

12 3,072 

13 3,198 

14 .|  3,072 


1.512 
2,088! 
2,780i 
3,104| 
3,394: 

s.oosj 

2,759' 


1,563 

3,040 

3,361 

3,103| 

3,072 

3,263 

1,440 

1,563 

3,006 

3,361 

3,040 

3,196 

3,198 

2,1 

l,297i 

3, 

3,0721 

3,23o{ 

3,198{ 

3,361 


Apr. 


943 

943! 

901 

985 

1,273 

556 

780 

1,027 

1,765 

1,765 


28,213 


27 '  2,945 

28 3,103 

29 1  3,36lL 

30 3,103. 

31 1,818;. 


1,472 

3,263 

3,263 

3,135 

3,395 

2,608 

1,183 

1,393 

2,431 

2,490j     6, 

2,46ll    5, 

2,. 578: 

2,461 

1,512 

1, 

2,490 

2,314 

2,619 

3.460 

5,344 

2,821 

2,461 

3,694 

3,626'    8 

3,328     6, 

3,394|     6 

3,135     7 

1,512     6 

1,962|    5 

3,394     5 

3,694  ... 


May. 


3,897 
3,897 
4,071 
2,729 
2,387 
3,932 
^,246 
4,071 
4,161 
4,071 
2,519 


June.    July.  I  Aug.     Sept. 


2,4311 
2,461. 
3,967, 
4, 211 I 
3,932 
4,141| 
3.897 
2,608| 
2, 173j 
3,693 


2,913 
2,607 
2.314j 
2,607] 
2,607 
1,563| 
1,563: 
2,913 
2,669' 
2,490 
2,578 


2,006 
r,899 
2,454 

327 
123 
259 
375 
406 
453 
312 


Oct. 


97.330111.793  86,406   45,582 


5,344 
4,071 
4,002 
4,886 
5,079! 
4,713 
4,605 
4,354 
3,198! 
2,759! 
4,354' 
4,497' 
4,461 
4,141; 
4,425| 
3,329 
2,913 
4,106| 
4,282' 
4.425 
4,3181 
4,461 
3,072 
2,759' 
4,141 
4,246 
4,246 
4,071 
4,07r 
2,638 
2,519 


3,263 
3,659i 
3,727 
3,727| 
3,761 
2,201 
2,402 
3,36l' 
3.230 
3,329 
3,459- 
3,669 
2,229 
2,229' 
3,394 
4,749! 
4,037' 
3,727 
3,7271 
2,286' 
2,314 
3, 525! 
3,525' 
3,592 
3,263j 
3,528; 
2,343! 
2,032 
3,932 
3,7271 


I 


3,761 
3,863 
4,037 
2,490 
1,297 
2,173 
4,002 
4.071 
3,932 
3,932 
2,402 
2,402 
3,459 
3,558 
3,694 
3,897 
3,694 
2,229 
2,006 

3,558 

3,761 

3,694 

3,525 

1,926 

2,11 

3,008 

3,196 

3,394 

3,394 

3,329 


ToUl.-.l  85.616   77.4151  84.053  183,948124,486  97,397;  99.197 

1898.        I  I  ;  I  I  I  I 


1 \  3,063 

2 1  2,099 

3 1,425 

4 2,535 


3,000 
3,039 


2,793 
2,762' 
2,931" 
3,196| 
3,062 
2,038| 


2,676 
2, 6981 
2,7531 
2,908 

2,752| 
1,6991 


4,056 
4.176 
2,846| 
2,568 
3,890 
4,072! 


3,776 
3,799 
5,508l 
5,016| 

6,668 
6,8521 


4,969 
4,522 
4,579| 
4.307, 
3,578 
2,3881 


2.553 

2,496 

1,771 

438 

1,865 


2,314 
1,765 
3.103 
3,103 
3,230 
3,072 
3.040 
1,926 
1,416 
2,7(i0 
2,( 
2,490 
2,490 
2,608 
1,440 
1,345 
3,431 
2,638 
2,431 
1,765 
1,093 
1,048 
1,352 
1,273 
1,273 
901 
1,160 
343  > 
374 

lie] 

403. 


17 
145 
134 

36 
112 
122 

27 

9 

374! 

1341 


Nov.  1  Dec. 


1.647 

1,440| 
1,5631 
1,613| 


556| 
1,440 
1,272 
1,845 
1,888 
1,672 


33,013 


I 


621 
343 

328 

328 

390 

272 

539 

702 

556 

664| 

390 

390; 

819 

1,416 

1,588 

1,440 

1,205! 

761 ' 

702J 

943 

1,205' 

1,393' 

1,369 

1,160 

644' 

838 

1,138' 

1,183 

1,183 


1,160 

1,070 

702 

556 

1,138 

1,115 

1,160 

1,183 

985 

741 

556 

1,345 

1,512 

1,512 

1,897 

1,952 

1,048 

722 

1,897 

2,061 

1,897 

1,897 

299 

1,115 

1,239 

2,117 

2,490 

2,373 

2.608 

2,286 

1.512! 


2,882| 
1,639 
1,440 
2,608 
2,780' 
2,82l| 
2,66ol 
1,818 
1,205! 
1,6721 


1,613 
2,519 
2.460 
2,431 

838 
1,160 

838 
1,792 
2,913 
2,607 
2,229 


60,204|  73,392 


I 


1,160 
1,983 
2,209! 
2,615 
2,642 
2,664 
1,973 
1,390| 
1,8611 
1,964! 
1,912 
1,964! 
2,183| 
1,481 
1,092' 

i,8;o 

1,912 
1,964 
2,432 
2,412 
1.387 
861 

2,045 

I 
1,207 

2,476 

2,107' 

2,148 

I.281I 

1,097 

1,602 


1,820 
1,832 
2,128 
2,226 
l,1i38 
1,196 
2,401 
2,474 
2,497 
2,748 
2,568 
1,905 
1,102 
2,512 
3,409 
3,439 
3,770 
1,880 
2,213 
1,559 
2,424 
2,665 
2,642 
2,732 
1,878 
806 
1.657 
2,900 
2,808 
2,923 
2,969 


58.3111  24,978!  44.145   55,857   71,721 


876 
1,546 
1,649 
1,670 
1,585 
1,667 


1,652 
1,795 
1.639 
1,317 
726 
1,454 


602 
554 
517 
857 
595 
771 


2.609 
2,351: 
2,237 
2,134 
2,187 
1,467 


2,805 
2,766 
2,714 
1,789 
1,647 
2,470 
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Mean  daily  discharge^  in  second-feet,  of  lower  Fox  Ritier  at  Rapide  CroeKe  dam — Continued. 

Oct.  I  Nov. 


Day.         ,  Jan. 


1806. 


Feb.     Mar. 


7 1  2,940 

8 2,977 

9 1  1,873 

10 i  1,396 

11 '  2,953! 


2,968 
2,90l| 
2,946' 
3,079| 
1,864! 
1,569| 
2,908' 
2,799| 
3,0781 
2,859 
2,915 
1,925 
1,741 
2,962' 

26 i     2,985, 

27 1     3,0771 

28 1    3,158| 

29 1    2,964. 

30 i     1,851' 

31 1     l,46l' 


12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 


1,7661 
2,504j 
2,665 
2,583 
2,701 
2,679 
1,723 
1,578 
2,331 
2,549 
2,490 
2,468 
2,497 
1,528 
1,587 
2,403 
2,4091 
2,505 
2,403 
2,505! 
1,494! 
1,9141 


Apr.     May.    June. 


1,782 
3,064' 
3,660 
3,761 

3,192 

1.1 

1,902 

3,224 

3,288 

3,111 

3,135 

3,435 

1,938 

2,235 

3,280 

3,200 

3,122 

0,643 

3,361 

2,565 

3,035 

3,872 

3,728 

3,736 


Total . 


10. 
11. 
12. 
13. 
14. 
I'l. 
10. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 


79,317,  66,064i  92,026 


2,366i 
2,417' 
2,187| 

2,393' 

I 
2,173 

1.466| 

1,4()5| 

2,310 

2,329 

2.316' 

2,100 

2,40<j 

1,514^ 

1,004 

2,2'i4 

2,379 

2.;to2 

2,347 

2,a30 

1.409 

1..500 

1,729 

i,r)0'j 

1,090 


2,iir 
2,174] 
2,2751 

2,20l| 
l,453i 
2,458' 
2,175| 
1,303 
2,(i8l| 
2,572, 
2,810; 
2,047] 
1,711' 
2,588| 
2,046 
2,534| 
2,019 
2,453 
1.243 
1,291 
1.902, 
2.1171 
2, 152] 
1.995 
2,104 
1,395 


1,931 
2,113 
2,134 
2,113 
1,352 

1,: 

1,970 
1,932 
2,027 
2.0(1 
2,034 
2,a'J,^ 
1,330 
1,913 
2,289 
2,(i92 
2.01 
2,553 
1 ,  oo^'i 
905 
2.731 
3,001 

2.832 
2,829 
1,910 


4,159 
4,115 
4,150 
2,925 
2,837 
4,291 
4,273 
4,054 
4,189 
4,301 
2,924 
3,025 
4,372 
4,650 
4,776 
5,602 
4,894 
3,176 
3,462 

5,080 
5,136 
4,767 
4,839 


122,360 


3,279 
1,837 
1,44 

3,756 
4,249 
4,  Ml 
4,839 
4,425 
2,823 
2,249 
3.741 
3,821 
3,812 
3.970 
3,721 
2,190 
2,004 
3.401 
3,940 
3,778 
3,955 
4,154 
2,798 
2,813 
4,330 
4,524 


6,0«8l 
4, 921 1 
4,333| 
5,889j 
5,904| 
5,683 
5,487 
5.432 
4,018 
3,457 
4.551 
5,088 
4,758 
4,647 
4,739 
3,577 
3,157 
4,338 
4,594 
4,471] 
4,739i 
4,612' 


3,8571 
2,204] 
4,872. 


4,018 
4^408 
4,276 
4,175 
4,364 
3,215 
2,524 
3,690 
3,703 
3,723 
3,167 
3,690 
2,343 
2,076 
2,453 
2,623 
2,603 
2,624 
2,488 
1,623 
1,604 
1,863 
2,230 
2,567 


July. 


Aug. 


Sept. 


1,769 

1,< 

1,466 

l,042j 
1,535 
1,757 
1,798 
1,842 
1,792 
1,074! 
1,245J 
1,699 
1,639 
1,616 
1,664 
1,685 
1.088 
989 
1,557 
1.641 
1,618 
1,687 
1,661 
1,117 


973 
1,074 
1,653 
1,685 
1,605 
1,660 
1,835 
1,213 
1,226 
1,765 
2,273 
2,460 
2,8a5 
2,752 
2,024 
■  866 
2,571 
2,579 
2,482 
2,468 
2,572 
1,942 
1,195 
1,848 
1,717 


1,532 
1,' 
1,736 
1,714 
1,133 
750 

1,115 
1,186 
1,080 
1,177 
778 
442 
760 
818 
959 
906 
933 
676 
491 
681 
603 
877 


147,045   96,483    48,707   50,320i  32,629  37,239 


3,787! 
5,020| 
5,121' 
5,417| 
5,395' 
5,.W0| 
4,446' 
4,145{ 
5,924! 

0, 192I 

6,018' 

7,00li 

8,050' 

I 

7,301, 

7,703| 

8,5021 

8,707| 

7,838, 

8,421' 

8,43L 

7.040' 

0.272. 

5,203' 

5,3ai 

5,451' 

5,203! 


5, '209] 
5,238| 
5,432j 

4,733 

4,0181 

5,518] 

5.033 

5,505 

5,002 

5,369| 

4,40o| 

4,334; 

5,878' 

7,09ll 

7,080 

7,ti8l! 

7,408' 

G.702I 

O.S.'iS' 

8, 123! 

8,095' 

I 

8.571' 

8,515 

8,277 

7,338 

0,594, 


5,042i 

4, 031 1 

3,133| 

3,078 

3,30l| 

4.9231 

1 

5,171| 

4,720' 

3,942! 

3,019' 

4,592i 

4,715| 

4,882 

4.8.V2I 

4.974 

3,773| 

3,021 

4,510! 

4,511 

4,  I80! 

3,88r 

3.701 

2,4o9| 

1.7411 

3. 193| 

3,3301 


3,345 
3,505' 
3. 1211 
2,390] 
2,4181 


1,745 

9.56 
2.043J 
2,58.5] 
2,394 
2,34.3] 
2,. 357 
I..547I 
l,25o| 
1,852' 
1,812 
1.829! 
1,940 
1,973! 
1,020 
1,103! 
1,578| 
1,009 
1.772 
1,317 
1,339 


1,292 

1,437 

842 

1,003 

1,411 

1,121 

991 

953 

996 

792 

578 

945 

825 


831 

831 

1.001 

1,160 

996 

1,0.39 

991 

8.55 

70: 

719 

922 


1,234 
2,«i7 


Dec 


1,056' 
1,092' 


1,246, 
1,155| 
1,156) 

7«j 

755| 

1,300| 

1,178 

1,136 
760 
2,043 
1,815 
1,845 
2,064 
2,233 
1,489 
2,368 


801' 
1,024' 

383J     2,475! 

638j  2,485! 
2,497! 
2,542! 
1,543| 
1,451 
2,438 
2,453^ 
2.552 
2,563) 
2,482 
1,747 
1,281 
2,704 
2,540 
2,490 
2,725 
2,572 
1,486 
1,402 
2,606 
2,510! 


2,en 
2,e» 

2,572 
1,379 
2.153 
1,538 
2,343 
2,637 
2,791 
2,715 
2,215 
1,343 
1,462 
2,453 
2,409 
2,396 
2,241 
2,303 
904 
1,017 
1,544 
2,412 
2,446 
2,315 
2,244 


66,397!  67,435 


831 

764 

1,560 

1,037 

096 

1,103 

1,100 

928 

774 

904 

922 

1,056| 

1,1441 

982] 

770 


96o| 


1,170| 

1,304^ 

1,327 

885 


1.480 
1,551 
1,404 


2,104 
2,648 
2,542 
2,446 
1,742 
1,261 
2,570 
2,622 
2,523 
2,635 
2,610 
1,800 
1.143| 
2,187 
2,381 
2,351 
2,352 
2,26l! 
1,774 
613 
2,301 
2,205 
2,237 
2,200 
2,352 
1,873 


2,205 
2,455 
1,667 
952 
2,549 
2,411 
2,475 
2,572 
2,530 
1,775 
1,020 
2,366 
2,498 
2,352 
2,395 
2,339 
1,780 
1,259 
2,576 
2,381 
2,388 
2,417 
2,407 
1,752 
,    105 


FOX   BITER  system: 
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Mean  daily  discharge,  in  second-feet,  of  lower  Fox  River  at  Rapide  Croche  dam — Continued. 


Day. 


Jan. 


Feb.     Mar. 


27. 
28. 
29. 
30. 
31. 


ToUl . . 


1,961| 

771 

l,506l. 

1,346|. 
1,803. 


1,014 
2,007i 


59,044  58,091    60,802109,716 


1,243 
3,192 
3,297 
3,325 
3,435 


841 
2,352 
2,391 
2,4061 

5 1    2,479' 

6 '     2,568! 

7 i     1,576 

8 1,213 

9 '    2,406 

10 1    2,669 

11 2,684| 


12 1  2,646' 

13 i  2,677J 

14 1,736 

15 1  1,236; 

16 2,527j 

17 '  2,424| 

18 2,639| 

19 2,534 


2,657j 


20 

21 1,719 

22 '  1,043' 

23 1  2,632- 

24 2,549! 

2.5 2,461, 

26 2,579' 

27 1  2,420| 

28 1,508' 

29 1,219 

."» 2,166* 


2,395 
2,366 
2,446 
1,641 
1,044 
2,366l 
2,38lj 
3,024 
2,420; 
2,396' 
1,675 
1,071' 
2,316i 
2,654| 
2,7071 
2,729 
2,662 
1,805' 
1,314| 
2,86l' 
2,840| 
2,606' 
2,687| 
2,646: 
1,434 
1,2961 
2,411' 
2,624 


Apr.     May.    June.  '  July 


4,565; 
5,707 
4.913 
3,947 


31. 


2,439 


2,432 

2.454 

2,468 

1,107 

2,490 

3,554 

i,7o: 

3,846 

1,110 

3,967 

1,342 

4,063 

2,576 

3,791 

2,639 

2,903 

2,614 

1,751 

2,636 

3,510 

1,921 

3,770 

1,352 

4,067 

2,666 

4,006 

2,973 

4,080 

3,036 

2,560 

2,961 

2,237 

2,935 

3,942 

2,069 

4,355 

1,354 

4,089 

2,710 

4,137 

2,832 

4,072 

2,904 

2,932 

2,9.54 

1,977 

3,296 

3,856 

2,2,59 

4.089 

1,300 

4,106 

3,159 

4,063 

3,644 

4,225 

3,677 

2,862 

3,. 560 

2,Of)4 

3,652 

5,525 
5,898 
5,160 
5,466 
5,513 


192,489 


3,636 
3,882 
4,028 
4,010 
4,054' 
2,779! 


! 

>,372| 
6,029' 

5,797! 
5,007 


3,364 
3,395 
3,232 
2,051 
1,982 


188,928117.383 


1,674: 
2,46l' 
2,283 
2,275 
2,240 
2,285 
1,784 
1,753 
3,741 
3.989 
3,799 
3,885 
3,791 
2,(565 
2,ia5 
3,729 
3,937 
3,872 
3,889 
3,694 
2,539 
1,383 
2.103 
2,149 
1.8.59 


1,482 

1,574 

1,375 

1,102 

1,929 

2,208 

2,085 

1,467 

1,302 

989 

1,013 

1,217 

1,189 

756 

353 

497 

394 

437 

573 

523 

569 

585, 

264 

262 

396 

2.58 

dm 

298 
386 
341 


Aug.     Sept. 


791 
1,307 
1,351 
1,299 


1,138 
1,099 
1,206 
1,1«36 


56,913;  29,6:^ 


276 
511 
319 
131 
820' 
a52 
345 
294 
365, 
473 
353 
333 

'382 

538 

979 

1,176 

1,067 

907 

1,192 

1,1.52 

799 

1,170 

1,846 

2,047 

1,982 

1.979' 

1,905 

1,536' 

1,672 

2,413 


2,646 
2,106 
1,946| 
1,966. 

1,638 
1,287 
1,956 
1,912, 
2,07.5! 
1,973 
2,043J 
1,498| 
1,057| 
1,82.5| 
1,905 
1,8891 
2,0391 
2,002| 
1,434| 
1,120, 
2,12o| 
2,007| 
1,875 
1,966 
1,924 
1,440 
1,115 
1,912 
1,928 
2,127 
2,023 


Oct. 


Nov. 


1,829; 
2,029' 
1,493| 
769 
2,079  . 


905 
2,329 
2,159 
2,330 


35,450  63,573  63,299 


ToUl. 


67,396;  62,909   79,228  102, 4;«|  92,27;i|  26,184!  29,708   56,7.54 


1901.           I  I 

1 3,8221  3,475' 

2 '  4,000|  3,734j 

3 1  4,215'  2,659 

4 4,202!  1,825J 

5 1  4,253  3,723| 

6 j  3,016l  4,096 

7 2,043|  4,352 

8 3,939  4,515 

9 1  4,279|  4,541; 

10 1  4,349  2,796' 

11 4,1.59|  2,045! 

12 1  4,009  4,164! 


4.362 
4,262 
2,741 
2,109 
4.073 
4,481 
4,262 
4,202' 
4,210 
2,908 
1,793 


2,469 
4,664 
5,086, 
5.209 
5,.W 
6.08l| 
6,777 
7,075 


,986 
,.579 
2,206    12,033i 


6.328 
6,905 
5,990 
6,032. 
4,769 
3,799, 
5,707' 
5..5,%| 
5,498 
5.574 
5.428' 
4,183l 


4,803 
3,802! 
3.473 
4,91.3' 
5,087 
4,905 
4.647 
4,846 
2,834 
2,654 
3,87.3| 
3,916 


2,04.>| 
.3,496 
3,740 
2,618 
3. 194 
4,097, 
2,94.5 

4,18.5 

4.. 5.57 1 
4,080 
4,154. 


1,976 
1,640 
1,421 
1,962 
2,141 
1,894 
2,050 
2,1U 
1,333 
1,143 
1,973 
2, 071 1 
2,187 
2,075 
2,184 
1,163| 
1,167 
1,949; 
1,899 
2,062i 
2,020 
2,169; 
1,433! 
1,107| 
2,329 
2,891 
2.810 
3,391; 
3,518 
2,5<U 


1,734 
4,007 
5, 185: 
5,479 
4,846| 
4,758 
3,657| 
2,848 
4,827| 
5, 1651 
5,1171 
4,813| 
4,668; 
3,559i 
3,028| 
4,461, 
4,885| 
5,285, 
5,254' 
5,703 
4,599! 
4,225' 
6,510| 
6,27o' 
7,427! 
7,572' 
7,624| 
6,393 
6,336 
7,855 
8,036 


Dec. 


2,123 
2,185 
2,417 
2,241 
1,659 


9,535 
9,39; 
9,597 
8,225 
7,650 
8,989 
9,039 
8,418 
8,658 
9,260: 
7,830 
7,567 
8,776 
8,456' 
8,076 
6,611 
6,909 
5,654' 
4,948 
7,536 
7,875 
8,249! 
8,189' 
8,792 
7,100 
6,9171 
8,415 
8,632 
8,328 
8,2,39' 


6,ms 

4,, 372 
3.512 
5,674 
5,943 
5,807 
5,683 
5,439 
8.222 
3,586 
5,245 
5,052 
5,075 
5,301 
4,099 
2,725 
2,240 
4,118 
4,292 
4,314 
4,378 
4,457 
4,035 
1,668 
3,224 
2,621 
4,068 
4.147 
4,111 
3,191 
1,728 


60,632  162, 126  241 ,866  134,935 


3,834 
3,84(i 

X-x- 

2,048' 
2,553' 

2,oa5' 

2.406 
2,. 3,36, 
1,503 
1,6071 


1,1^7 
1.101 

l.fKWi 

l,(i82 
l,(iK7 
l,(i82 
l.(i49 

1.105; 

893 
l,449j 

984 
1,199! 


i,ior 

l,782l 
1,8(>,3 
1.748' 
1.713; 
1,228| 
99l| 
2,067j 
2, 145 
2,2651 
2,468' 
2,314 


3.064 
3,804 
2,074 
1,789 
3,099, 
3,7;28 
3,711 
3,728' 
3,, 584' 
2,585 
1,654' 
3,447, 


2,586 
1,08.5 
2,653 
3,. 520 
3.497 
3.459 
3,648 
2.329 
1,598 
3,257 
3,585 
3,660 


i 
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Mean  daily  discharge,  in  second-feet,  of  lower  Fox  River  at  Rapidc  Croche  dam — Continued. 


Day. 


I  Jan.      Feb 


13. 
14. 
15. 
16. 


3,046 
2,236 
3,914 
3,VI29 

17 2.4S0 

18 3,542 

19 3,981 

20 2,9G5 

21 2,835 

22 '     3,521 

23 '    3,885 

24 [    3,885 

25 3,898 

26 3,813 

27 2,563 

28 '     1,939 

29 '    3,286 

30 '    3,668 

31 '     3,643 


4,181 
4,434 
4,262j 
4,2921 
3,068| 
2,227 
4,309| 
4,470i 
4,392{ 
4,500' 
4,393 
3,085 
2,489 
4,402 
4,634 
4,577, 


Mar. 


4,000 
4,121 
4,050 
4,109 
2,818 
1,742 
3,967 
4,030 
4,554 
4,143 
4,109 
3,433 
4,615 
6,431 
4,994 
4,084 
4,367 
4,245 
3,469 


Apr.     May.  '  June. 


Total . . .  109,314  105,640  119,019 


1902.  ,  , 

1 3,096 

2 '    3,104' 

3 [    2,938^ 

4 '     3,000 

5 '     1,058' 

6 '     1,676 

7 '     2,776 

8 2,860 

9 3,136 

10 '     2,993 

11 

12 

13 

14 

15 

16 


2,915 

'  765 

'  1,285 

'  2,494 

'  2,344 

I  2,461 

I  2,514 

2..'ia'i 

1,139 

1,099 

21 2,422 

-n 2,113 

Z\ 2,4-j() 

24 2,422 


18. 
19. 
20. 


2,1. 
20. 


2S 

29 

30 

31 


2,429 

027 

1.3S9 

2.42.'. 

2..V)8  . 
2.42.1  . 


2,595! 

917| 
1,488 
2,446' 
2,513' 
2,609| 
2,609| 
2,408 

606 
1,427 
2,389^ 
2,595 
2,587| 
2,477' 
2,455' 
1,063 
1,421 
2.492 
2.413 
2.r>87 
2.3<i«i 
2.4M<i 
1,0S5 
1.377 
2,210 
2,424 

2,ms 

3.4S() 


I 
11,573. 

11,088' 

10,728 

11,869 

11,935 

11,614 

11,467 

11,334 

9,926 

9,302 

11,103 

9,826 

9,467 

9,240 

8,395 

7,401 

7,244 

7,271 


I 

3,754| 
5,012 
5,564| 
5,428 
5,371 
5.011 
4,099 
3,715- 
5,006 
5,261 
5,312 
4,686 
4,938 
3,884 
3,759 
4,875, 
3,453 
5.010 
4,920. 


4,443| 

4,273; 
3,91li 
2,586 
l,74ll 
3,475 
4,087' 
4,148| 
3,948, 
3,956, 
3,137| 
2,493i 
3,336i 
3,506j 
3,474 
3,554' 
3,506' 
2,354' 


July.  I  Aug.  I 

'-■  -! 

4,041 
3,13l| 
2,809 
3,996^ 
4.089 
4,002, 

4,0671 
2,912 
2,230' 
3,623| 
3,809- 
3,936| 
3,833| 
3,791 
2,668 
2,138 
3,724 
3,921 


268,802  154,807  1 11,681,108,541 


3,368 
1,190 
1,632, 
2,497| 
2,632, 
2,758, 
2,827i 
2,754 
1,135' 
1,575' 
3,866' 
3,274' 
3,608' 

3,e9o| 

3,567 
1,003' 
1,765' 
3,707 
3,H41 
3,841 
3,994 
3.909 
1,V.2 
l,72:j 
3,777 
3,92.'-) 
4.019 
3.H41, 
3,920 
1.709 
1,73.5 


2,765 
2,964 
3,011 
3, 106 
3,252 
1,603 
1,706 
3,134 
3,102 
3,147 
3,102 
3,119 
1,459 
1,759| 
2,108 
2,366| 
2,449 
2.205 
2.370 

i.ase 

2.0ti9 
2.2t»7 
2.(Mi9 

2,;n4 

1,0.% 
2,247 
047 
l,,'i71 
2,381 
2.312 


2,579' 
2,512) 
2,497! 
2,642' 
2,575! 
1,617 
1,4041 
1,737 
1,607' 
1,764| 
1,885! 
1,795. 
1,542, 
1,130| 
1,849! 
1,802' 
1,932 
1,622 
1,725 


Sept. 

1 
Oct.  , 

t 

Nov.  1 

._  1 

Dec. 

1,051 

1 
1,740 

3,766' 

3.672 

1,194 

3,63S 

3,766 

3,139 

706 

3,771 

2,524 

1,146 

3,357 

3,856 

1.555 

1,009 

3,252' 

2,607 

2,8M 

1,039 

3,366 

1,661 

3,3« 

1,004 

3,136' 

3,644 

3.316 

1,090 

2,009 

3,873 

2,«» 

1,056 
675 

1,574 

3,728 

3,312 

3,530' 

3,833' 

2,645 

1,020 

3,728' 

3,717! 

1.567 

1,276 

3,622^ 

2,485| 

2,963 

1,449 

3,664! 

1.641^ 
3,212; 

2,095 

1,513 

3,740 

1,971 

1,449 

2,719, 

3,585 

2,8I» 

1,437 

1,64& 

3.476J 
3,432| 

3,0© 

1,073 

3,597, 

2,177 

1.124 

3,873 

1 

.1,4M 

3,791 

2,796 

67,465   36,635  79,000   97, 6651  85.802 


2,393|    9,573     5,703 


1.471 
2,079 
2,845 
3,537 
4,079, 
3,131 
4,018' 
2,075 
2,743 
4,6.37 
4,917 
5,050 
4.917 
4,015 
2.484 
2,092 
4,082 
5,085 
4,H02 
4,725 
4,949 
,').719 
7,422 
9.041, 
11.227 
12,;n7i 
O.S<i<> 
9,.'iO<J 


10,488, 
11,868, 
11,462, 
ll,050i 
10,40- 


9,880! 
7.311 
7,886 
8.343 
8.209 
0.222 
0,431 
3,998 
5,840 
4,109 
6,156' 
O.282I 
5.439' 
5.992 
0.aS8 
3.852 
4.215 
5,80(i 
o.osy 
0,001 
.1,707 
.1,740 
3.401 
3.H.12 


5,601| 
5,447i 
3,3721 
3,453 
3,010, 
3,349, 
5,534 


5, 5331 
5,326 
5,280 
5,136 
4,639 
3,264| 
5,125' 
5,142 
5,265 
5,28l' 
5,103 
2,890 
3.1.10 
4,24>s 
4,200 
4., 32.1 

4..io<; 

4.2S7 
1.047 
2.2fV5 
3.441 
3,7,^J 
4,024 


3,727, 
3,276i 
1,5441 
2,532 
3,602; 
3,912| 
4,086 
3,999 
3,894 
1..132 
2,362 
3,666 
4,047 
4,031 
3,853 

'! 
'1 

2,097i 
2,539' 
2,733 
2,913 
2,927! 
2.809 
1.311 
1.773 
2,70.3 
2, 8911 
2.879! 
2.789' 
2. 1.1s' 
1.529. 


3,958 
1,.V)0, 


I 

910! 

1,111! 

1,6S2{ 

i,eoo, 

l,723i 
1,865, 

704 
1,244 
1,700 
1,759 
1,653 
1,550 
1,660 

821 
1,083 

065 
1,203 
1,206^ 
1,317 
1,174! 

652 

887: 
1,473| 
1,452| 
1,174, 
1,3691 
1,336| 

515I 

,1 


1, 
1, 

l,408j 

7361 
l,576j 
1,751 
1,613 
1,613 
1,526 

651 
1,042 
2,116 
2,301 
2,350 
2,210 
2,716 

715 
1,455 
2,120 
2,646 
2,534 
2,676 
2,681| 
1,0861 
l,286l 
1,785! 
851j  2,963! 
3,024} 
2,875' 


I 
1,222. 


2,9621 
1,004, 
1,314 
2,716' 
2,93ll 
2,854 
2,973 
3,012 

914. 
1,273 
2,977 
3,028 
2,946 
2,891 
2,891 

756 
1,308 
2,841 
2,832 
2,962 
2,954 
2,915 

958 

2,977 
3,184 
2,860 
2,962 
3,123] 
1,138 


70,1.11    .19.981    89.0<i0   70.042  152,978  207,913  13,3,414'  89,782    37,971^  56,3e0|  71,805|  70,479 


967 
2.930 
2.80» 
3,060 
2,907 
3.022 

802 
1,662 
2,790 
2.843 
3.100 
3,045 
2,»6 
1,158 
1.335 
2.654 
2,665 
2,619 
2.609 
2,688 
1.256 
1.609 
2,602 
2,642 
1,494 
1.579 
2,654 
1,142 
1,574 
2,468 
2,587 


FOX   RIVER   SYSTEM. 
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Mean  daily  discharge,  in  seeond-feei,  of  lower  Fox  River  at  Rapide  Croche  dam — Continued. 


Day. 


Jan. 


1903. 

1 '  2,587 

2 2,631 

3 2,587 

4 '  1,206 

5 1,479 


6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 

n. 


Feb. 


Mar. 


2,662 
2,818 
2,767 
2,832 
2,409 
1,559 
1,522 
2,954J 
3,187 


1,675 
2,102 
3,008 

3,053 
3,097 
3,3941 
3,387| 
1,825' 
1,837| 
3,3901 
3,58l| 
3,593' 
3,652l 


Apr.     May.    Juno. 


15 !    3,610     2,005' 


16 3,655 

17 3,493 

18 I;295 

19 1,953 

20 '    3,503 

21 

22 

23 


3,476 
3,664 
3,436 

24 1     3,543 

25.. 1,293 

26 1,935 

27 '    3,289 

28 ■    3,435] 

29 '    3,527 

30 !    3,5141 

31 3,756 


*l 


Totiil...;  85,577 


1904. 


1,829 
1,780! 
3,19l| 
3, 1971 
4,453 
3,318 
3,665 
2,301 
2,070 
3,560 
3,981 
4,199 
4,064 
3,501'  3,962l 
2,550: 
2,207' 
3,368  4,178, 
3,269!  4,650 
3,285  8,4371 
3, 431 1  6,454 
3,468  3,887j 
2,379:  1,815 
1,749'  2,340 
3,232  5,086 
3,107^  5,055| 
3,068;  4,838 
3,457'  4,839' 
3,«27|     4,967, 

3,979 

i     3,337 

5,454' 


2,042, 


6,192 
6,597' 
6,806 
7,649' 
9,297. 
7,729 
7,661| 
6,379 
6,342 
6,783 
8,283 
7,807 
7,402| 
8,394 
8,517, 
6,236 
6,216 
6,339 
4,188 
4,518 
6,429 
6,246 
6,657, 
5,784 
4,796 
3,886 
4,376 
6,207 
6.011 
5,288- 


July. 


6,009 
6,30^ 
6.145 
4,27*, 
6.118 

6,237, 
6,078; 
5,911 
3,629 
3,964 
5,608' 
5,467, 
5.771 
5,467 
5.841 
3,421 
3,869 
6,088 
6.127 
6,127 
5.933 
6,157 
3,043 
3,824 
6,216| 
7,3781 
6,42l| 
6,138 


429J    3,509! 


6,657 
5,199! 


5,677 

6,791 

6,069' 

5, 

5,3S6' 

5,989; 

3,747' 

4,089| 

5,812 

5,969| 

5,564 

6,009J 

5,735 

3,50l{ 

3.818 

5,631{ 

5,668| 

5,716 

5,3.'i4' 

5,232 

3,326J 

3,645 

5,429| 

5,476 

5,411 

5,335 

5,204 

2,656 

3,089 

5,084| 


Aug.     Sept.  I  Oct. 


055 
,721 
,943 
,746 
,093 
,796 
,009 
,S!» 
,370 
,992 
,684 
,157 
,149 
,139 
,700 
174 
,047 
,945 
,102 
,176 
,918 
,538 
,189 
,442 
.555 
,254 
,321 


82,582  118,643  195,015  171,503  151,841  127,848  100, 


I  3,497j 

3,595, 

I  i,8y« 

2,221' 

3.I89' 

3,507! 

3.8e9j 

3,86l! 

3,752 

1,762 

2,027 

3,719| 

3,628 

14 3,465J 

Ut 3,572 

16 3,587! 

17 l,48l| 

18 1  2,0181 

19 3,166| 


1. 
2. 
3. 
4. 

5. 

6- 

7. 

8. 

9. 
10. 
11. 
12. 

n. 


I 

2,371 
3,586' 
3.545 
3,538 
3,306 
3,505 
1.664 
2,073 
3,530 
3,595 
3,(>36 
3,710 
.3,063 
1,565 
1,904 
3,504 
3,400 
3,6621 
3,628i 


3,408 
3.457 
3,545 
3,522 
3,5a5 
1.724 
1,769 
3., 392 
3,147 
3.54.5 
3,0<)S 
3,465 
1,818 
1,988 
3,289 
3,044 
3.424 
3,481 
3,l3o! 


4,127 
3,878 
1,012 
4,091 
4.317 
4,. 507 
4.410 
4,879 
5.334 
2,504 
3,887 
5,7.37 

6,  las 

7,108' 
7.495 
8,015 
7,tJ47 
8.233 
9,637, 


6,742 

7,310' 

5,794' 

I 

5.477 

5,804 

5.784' 

5,813; 

4,456; 

5,417| 

7,548 

10,052, 

10,900 

ll.(>82 

11,183 

9,810 

10,108' 

11.022; 

10,900! 

10,6041 


I 
9.539| 

.ill' 


9,411| 
9,283 
9,793 
8.2.53 
8,404 
8,799 
8,248' 
6,968 
8, 179 
8,48,3 
8,139' 
8,027 
8,527l 
8,125' 
8,3151 
8,28l' 
7,356| 


3,428 
3,282 
2,682 
2,243 
2,799. 
3,. 578 
1,416' 
3,578 
3.48.3, 

2.vm 

2.709' 
3.459| 
3,452 
3.058 
3,475| 
3,428' 
2,406; 
2,832' 
3,459, 


827| 
Oil 
845^ 
136 
756, 
707 
787i 
206 
875' 
671 
021' 
134 
030! 
134 
438 
003 
064 
099 
047 
021 
874' 
869 
965 
794 
291 
449; 
244 
099 
781 
257 


4,195 
4,28ll 
4,298 
4,325' 
4,324| 
1,829' 

1,936'; 

3,905' 
4,708[ 
4,809 
5,077 
5,086 
2,734 
2,731 
5,199 
5,312 
5,293 
5,387 
4,442 
3,751 
2,489 
5,106 
5,369 
5,481 
5,415 
5,519 
3,481. 
2,991; 
5,013 
5,0591 


Nov.  j  Dec.* 


5,312 
5,293 
2,8051 
2,618| 
5,321' 
4,993| 
5,8261 
5,5051 
5,330 
5,339| 
2,845! 
2,6771 
5,340 
5,509 
5,482 
5,510 
5,434 
2,760 
2,957 
5,599 
5,134 
5,368 

5.: 
5,; 

2,590 
2,666 
5,133 
5,302 
5,264 
5,217 
5,264 


828  129,635  145,268 


745 
489 
617, 
636' 
546' 
676 
575' 
833 
833 
754 
987 
924 
043 
098 
087 
220 
098 
217 
197 


2,631 
2,399| 
2,231 
l,327j 
1,622 
1,949 
2,000 
2,013 
l,8<i.3i 
2,(m 
1,312 
1.545 
1,907 
2,1031 
2.162 
2.124' 
2,091, 
1.508! 
1.361| 


2,664; 
2,102 
4,674' 
4,772 
4,760' 
4,965 
4,929 
1,975 
2,098 
4,230 
4,957, 
5,077 
4,731i 
4,846| 
2,226 
1,859| 
4,219; 
4,466i 
4,888 
4,504! 
4,282' 
1,733 
2,307 
4,422, 
4,484' 
3,874 
3,310' 

3,378 

I 
1,977 

1,873 


2,819 
3,385 
1,915 
3,669 
3,628 
1,653 
1,973 
3,507 
3,621 
3,702 
3,595 
3,644 
1,623 
1,827 
2,964 
3,516 
3,694 
3,702 
3,677 
2,000 
1,916 
3,328 
3,424 
1,908 
3,353 
1,584 
1,319 
2,162 
3,134 
3,619 
3,587 


110,591    89,448 


2,124 
l,a55 
1,324 
2,499 
3,385 
3,480 
3,678 
3,628 
2,412 
3,563 
3,797| 
3,. 354 
3.. 592' 
3,009| 
3,717| 


2,. 345 

1,8941 
3,453 
3,379| 


4,245j 
4,767 
4,785 
4,750 
4,829 
4,423 
2,011 
4.340 
4,742 
4,794 
4.H47 
5.137 
3,280 
2,(m 
4,525 
4,037 
4,570 
4,481, 
4,499; 


3,860 
4,405 
4,354 
3.005 
2,527 
4,077 
4,375 
4,413 
4,209 
4,277 
2,881 
2,4.52 
3.0<J9 
3.r>38 
3,699 
3,757 
3,721 
2,871 
2,299 
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WATER    POWERS    OF    NORTHERN    WISCONSIN. 


Mean  daily  discharge  j  in  second-feet ^  of  lower  Fox  River  at  Rapide  Croche  dam — Gontinoed. 


Day. 


Jan.  ,   Feb.  '  Mar.     Apr.     May.    June,  i  July,  i  Aug.  I  Sept. 


I 


1904. 

20 3,352l 

21 3,329' 

22 3,408 

23 ;  3,392, 

24 !  1,185 

25 2,096^ 

28 3,668 

27 3,727 

28 3,869 

29 3,752 

30 :  3,848. 

31 ;  1,885:. 


710 
689 
237, 
760, 
962 
082! 
134^ 
810 

843; 

091 


1,739 
2,036 
3,913 
4,335 
5,185 
7,425 
5,429 
2,354 
2,504^ 
3,359 
3,748 
4,385 


9,434 
9,399 
9,190 
9,018, 
7,436 
7,126 
8,823 
9,075 
9,028 
9,017; 
8,868, 


10,168 
9,574' 
8,571 
9,099, 
9,845 
10, 168| 
10,812 
9,389 
9,527; 
8,720 
8,471! 
8,989. 


5,776 
6,167 
5,241 
3,758 
3,617, 
2,336 
2,336 
2,585 
3,474 
3,538 
3,491 


I 
3,344! 
3,206 
3,420 
3,350 
2,345 
2,585, 
2,969 
3,146 
3,408; 
3,584 
4,111 
2,659 


I 
3,240| 
2,214 
1,722' 
2,443 
2,531 
2,396 
1,551 
2,503 
2,505' 
2,115^ 
2,380 
2,645. 


Oct.   I  Nov.  ,  Dec. 


1,762 

1>825; 

088, 

1,276 
1,381 
1,075 
1,025; 
2,267 
2,042, 


I 
4,488, 
4,470 
4,248 
3,018 
2,015 
4,336j 
4,604' 
4,542- 
4,575; 
6,434 
3,690i 


2,538 
2,286 
4,102' 
4,421 
3,264| 

4, 


3.711 
4,49 
4,3S4 
4,111 
4,0n 
2.2s 
1,812 
2,748  3,1«2 
1,66?!  3,?n 
3,127'  3.677 
6,035'    4.514 


3,158 4,311 

I  I 


Total. 


.'  05,3071  90,703105,333   20,Oeo'2e9,925  200,448  96,253   92,525   55,631107, 166121, 68o'll2,lSS 

1  111'  •  '       '      I      '       I       '       I       '      I      ' 


Unlike  many  other  northern  rivers  the  lower  Fox  is  rarely  troubled  with  ice  gorges, 
because  the  ice  on  Lake  Winnebago  melts  gradually.  It  is  stated  that  trouble  is  sometiines 
experienced  from  anchor  ice  forming  on  the  rapids  in  exceptionally  cold  weather,  but  this 
is  largely  prevented  by  the  system  of  slack-water  navigation. 

The  absence  of  great  freshets  prevents  backwater  and  allows  the  construction  of  the 
mills  out  into  the  stream,  as  well  as  connecting  sidetracks  on  short  trestles  only  a  few  fc^ 
above  the  water,  with  perfect  safety. 

The  bed  of  the  river  in  nearly  all  cases  is  in  hard  limestone.  Excellent  quarries  of  fine 
building  stone  have  been  opened  for  use  in  both  the  Government  and  private  improvements 
of  the  river. 

AVATKR    l*OWKltS. 

GENERAL   STATEMENT. 

No  other  river  system  in  the  State  has  so  large  a  proportion  of  its  total  descent  concen- 
trated in  its  lower  reaches  as  has  the  Fox.  Between  Lake  Winnebago  and  Green  Bay 
the  river  descends  a  total  of  1(56  feet  in  a  series  of  eight  rapids.  Tlie  total  drainage  area  of 
the  river  is  6,449  square  miles,  of  which  area  6,046  square  miles,  or  94  per  cent,  are  included 
alx)ve  the  outlet  of  Lake  Winnebago.  These  two  facts— the  large  cx>nccntration  of  fall  in 
the  lower  river  and  the  Iwation  of  94  per  rent  of  its  drainage  area  above  this  concentration — 
have  the  effect  of  producing  extensive  and  valuable  water  powers. 

Before  any  improvements  had  Ix'en  made  the  river  flowed  I  etween  wocnled  clay  bluffs  from  10  to  70 
(ect  or  more  in  height,  in  somo  places*  rising  ut)ruptly  from  the  river's  edge  on  each  side.  Through  this 
channel  ran  the  clear,  dashing  rivfr  over  its  limestone  bed  from  W)  to  1,000  feet  wide.  Oreat  changes 
have  since  been  made,  a 
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The  following  table  gives  the  location  and  amount  of  fall  at  each  of  these  rapids  before 
improvement,  according  to  surveys  of  Major  Suter  in  1866: 

Rapids  on  lower  Fox  River  in  1866  {before  improvement),  a 


Name. 


Deperv 

Little  ICaukauna 

Rapide  Croche 

Grand  Kaukauna 

Li  ttlech  ute 

C«dar  rapids 

Grand  Chute 

Winnebago  rapids 

GPBen  Bay  to  Lake  Winnebago 


Descent. 


Distance 
apart. 


Feet, 


Miles. 


8 

6.0 

8  1 

6.0 

50  I 

4.5 

38  ' 

2.5 

10  ' 

.75 

38 

4.0 

10 

4.25 

170 


rt  Warren,  (I.  K.,  Report,  187fi,  p.  29. 


LEG.\L   STATUS. 


In  1846  Congress  pa.ssed  an  act  granting  a  large  amount  of  land  to  the  State  of  Wisconsin 
for  the  purpose  of  making  a  navigable  route  from  Lake  Michigan  along  Fox  River  to  Wis- 
consin River.  In  1853  the  State,  after  expending  $400,000  upon  the  improvements,  passed 
the  whole  matter,  including  the  land,  into  the  hands  of  the  Fox  and  Wisconsin  Improvement 
Company.  This  company  issued  bonds,  completed  the  improvement,  and  in  1856  the  first 
steamer  passed  through  from  Mississippi  River  to  Green  Bay.  On  the  advent  of  railroads 
soon  after  the  route  fell  into  disuse,  and  the  company  was  unable  to  pay  interest  on  its  bonds. 
Suit  was  brought  by  the  holders  of  these  bonds,  and  the  franchises,  property,  and  land  grants 
of  t  he  company  were  sold  to  a  corporation  organized  in  1866  as  the  Green  Bay  and  Mississippi 
Canal  Company.  In  1870  the  United  States  appraised  the  value  of  the  locks  and  canals  at 
$145,000,  took  possession  of  them  on  the  payment  of  this  sum,  and  has  since  exercised 
control  in  the  interests  of  navigation. 

Tlie  Green  Bay  and  Mississippi  Canal  Company  still  exists  and  retains  its  land  grants, 
water-power  franchises,  and  other  property.  The  company  claims  the  right  to  all  surplus 
water  after  the  needs  of  navigation  are  supplied.  This  claim  includes  the  right  to  tap  the 
(!anals  at  any  point  and  draw  off  the  water,  provided  navigation  is  not  interfered  with,  as 
well  as  the  right  to  take  all  the  surplas  flow  of  the  river  at  the  head  of  each  rapids  and  use 
it  at  that  level.  This  claim  has  been  confirmed  by  the  United  States  Supreme  Court.  The 
company  does  not  claim  ownership  of  power  which  Is  developed  at  a  level  below  the  head  of 
a  rapids  by  persons  owning  the  land  and  using  water  which  has  passed  the  tailraces  of  the 
company. 

In  some  cases  this  company  owns  the  power,  while  others  own  the  land.  These  interests 
have  in  some  instances  been  mutualized  in  a  joint  company;  in  others  protracted  lawsuits 
have  resulted  in  preventing  the  development  and  use  of  the  water  power  up  to  the  present 
time.  The  water  powers  at  Rapido  Croche  and  Little  Kaukauna  dams  have  not  been 
improved  for  this  reason. 

As  the  low-water  flow  of  the  river  falls  far  short  of  being  sufficient  for  the  turbines  now 
installed,  frequent  controversies  and  lawsuits  concerning  the  ownership  of  the  water  have 
resulted.  Finally  a  few  years  ago  the  Neenah  and  Menasha  Water  Power  Company, 
composed  of  practically  all  the  users  of  water  for  power  purposes  on  the  river,  was  formed 
to  regulate  the  use  of  the  surplus  water  not  required  for  navigation.  Under  the  rules  of  the 
Secretary  of  War  water  may  not  be  drawn  below  the  crest  of  the  Menasha  dam  except  by 
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his  special  permit.    Such  permission  is  frequently  given,  however,  to  help  out  Um  greit 
manufacturing  interests  c<)ncerned. 

Fox  River  discharges  from  Lake  Winnehagn  in  two  nearly  parallel  channels, 
alx)ut  three-fourt  hs  of  a  mile  from  each  other.  These  branches  join  in  less  than  2  miks  m 
Lake  Butte  des  Morts,  an  expansion  of  the  river  3  miles  long  and  extending  at  right  angles  to 
the  general  direction  of  the  river. 

Menasha  and  Noenah  are  Io(*ated  at  the  lower  end  of  the  two  channels,  Menasha  on  the 
north  side  of  the  northern  channel  and  Neenah  on  the  south  side  of  the  southern  chaooel. 
These  cities  are  about  1  mile  apart  and  have  a  total  population  of  about  12,000. 

The  river  banks  are  here  only  10  feet  or  less  high.  Tliere  is  a  dam  in  each  channel,  with 
an  average  head  of  8  feet,  the  two  maintaining  the  level  of  Lake  Winnebago.  These  dams 
would  develop  2,400  theoretical  horsepower,  a 

The  riparian  owners  on  the  Neenah  channel  improved  the  water  powers  l)efore  tl»e  ship 
canal  was  begun,  and  thus  obtained  a  prior  right  under  a  State  charter.  Most  of  the  ^lanl^ 
factories  are  located  on  the  strip  of  land,  averaging  125  feet  wide,  between  the  river  and  the 


The  Kimberly  Clark  Paper  Company  is  the  most  extensive  user  of  water  power  at 
Neenah,  having  installed  20  turbines  under  a  head  of  7}  feet,  rated  at  1,560  horsepower. 
In  addition,  thLs  firm  has  550  steam  horsepower,  all  used  in  the  manufacture  of  sulphite  and 
ground  wood  pulp.  The  Neenah  Paper  Company  has  installed  11  turbines  under  a  bead  of 
7  feet,  rated  at  838  horsepower,  and  reports  an  additional  750  steam  horsepower,  all  used  in 
the  manufacture  of  paper.  Tlie  Winnebago  Paper  Mills  have  installed  turbines  under  a 
9-foot  head,  rated  at  854  horsepower,  which  is  supplemented  with  450  steam  horaepower. 

Other  power  users  in  Neenah  are  included  in  the  following  table: 

Addiiioiud  vxiter  pou'>ers  at  Neenah.     . 
\      TurhinoH 


Owner  »iid  U8«. 


__  I  Steam 

Head.  '  11.  P.  I  "*  ^• 


Kreuger  A  Larhmaiin.  flour 8. 0  ,        460  I        125 

Neenah  Boot  and  Shoe  Manufacturing  Co 8.0  '  39  I  12 


Remarks. 


Use  steam  when  water  Ucot 
off. 


Neenah  and  Menasha  Gas  and  Eleetric  Light  Co.         l.Ty'        199  125 

RolxTt  JarniHon.  machine  .shop 8.0  |  94  '  10  ' 

WullT,  CJausem  &  Co.,  flour -*    8.0'        123  60  '  Burned. 


The  Government  canal  is  Iwatcd  at  Menasha.  Tliis  canal  lias  a  total  length  of  about 
4,320  feet,  its  single  lock  Inking  l(Mated  at  the  lower «nd,  near  Lake  Butte  des  Morts.  This 
dam  develops  2,487  theorctiral  horsepower  at  ordinan' How.  The  Federal  Government 
entered  into  an  agreement  with  ccrtuin  |KTsons  under  whiclj  they  constructed  the  navigation 
improvements  and  received  in  return  the  ownership  of  the  resulting  water  powers.  As  a 
conserjuen<M'  the  Green  Bay  and  Mississippi  Cnnal  Company  has  no  interest  in  these  wat-ef 
powers. 

A  (lam  475  feet  long  at  the  head  of  the  canal  develops  a  head  of  8.2  feet,  though  some  of 
the  turbines  work  under  heads  of  G  to  S  feet .  The  strip  of  land  l)etween  the  canal  and  river 
is  used  for  the  location  of  mmierous  manufacturing  plants,  all  the  power,  except  that  of  the 
Howard  Paper  Mill,  l)eing  taken  from  the  canal. 

n  This  estinuiti*  1»  l>jiso<l  on  an  ordinary  discharge  of  'J,r)W)  second-feet,  equal  to  a  run-ofl  of  about  0,43 
•econd-fect  pi-r  Bquurc  mile. 
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The  largest  water-power  user  at  Menasha  is  the  George  A.  Whiting  Company,  which 
owns  the  right  to  "first-class  water/'  Its  6  turbines  work  under  an  average  head  of  8  feet 
and  are  rated  at  508  horsepower.  The  company,  which  is  engaged  in  the  manufacture  of 
paper,  has  also  instalfed  265  steam  horsepower. 

Another  large  concern  is  the  Menasha  Wooden  Ware  Company,  whose  turbines  work 
under  an  average  head  of  5  feet  and  are  rated  at  414  horsepower.  This  is' supplemented  by 
1,090  steam  horsepower. 

The  other  important  water-power  users  in  Menasha  are  included  in  the  following  table: 

Additional  water  powers  at  Menaska.  a 


Owner  and  uae. 


Turbines. 

Steam 
H.P. 

Remarks. 

Head. 

H.P. 

Feet. 

5 

243 

800-1,000 

5 

321 

200 

5 

156 

250 

I^eased. 

5 

90 

50 

6 

124 

225 

6 

25 

25 

6 

124 
38 
35 

A 

5 

Small  en- 
gines. 

When  water  is  low. 

Gilbert  Paper  Co 

Howard  Paper  Co 

John  Strange  Paper  Co 

Banner  Flouring  Mills 

MacKinnon  Excelsior  Co 

MacKinnon  Pulley  Co 

John  Schneider,  planing  mill 

Valley  Knitting  Co.,  hose,  mittens,  etc 
Menasha  Woolen  Mills , 


a  Authority,  L.  M.  Mann,  United  States  assistant  engineer. 

For  the  entire  distance  of  5  miles  between  Menasha  and  the  Appleton  upper  dam  the 
river  affords  slack-water  navigation;  indeed,  it  has  been  claimed  that  later  improve- 
ments on  the  Appleton  dam  have  caused  the  water  at  Menasha  to  back  up  a  foot  or  more 
above  its  original  level.  As  Appleton  is  approached  the  clay  banks  rise  to  a  height  of  50  or 
60  feet. 

APPLETON. 

Fall, — Because  of  their  intrinsic  value,  as  well  as  on  account  of  their  early  develop- 
ment, the  Appleton  powers  are  not  excelled  on  the  lower  Fox.  According  to  the  Govern- 
ment profile  the  river  has  a  total  fall  of  36.7  feet  in  a  distance  of  1.2  mile^.  This  head  b 
developed  by  three  dams,  which  divide  the  river  into  upper,  middle,  and  lower  levels, 
with  estimated  theoretical  horsepower  a  at  ordinary  flow  of  4,238,  2,225,  and  2,558, 
respectively. 

At  Appleton  the  river  by  a  gradual  bend  changes  its  course  from  northeast  to  southeast, 
again  turning  to  the  northeast  just  above  the  lower  dam.  On  the  left  bank  the  clay  bluffs 
rise  steeply  50  to  70  feet,  while  on  the  opposite  bank  Is  a  flat  extending  for  3,500  feet,  and 
perhaps  1 ,300  feet  wide,  beyond  which  rise  high  bluffs,  as  on  the  left  bank.  For  the  purposes 
of  navigation  the  Government  has  constructed  two  dams,  dividing  the  descent  into  two 
levels.  The  second  or  middle  dam  was  constructed  by  private  enterprise  and  is  used 
exclusively  for  water  power. 

Ujyper  dam. — ^The  upper  dam  Is  a  substantial  stone  structure.  It  extends  from  the  foot 
of  State  street  on  the  left  bank  normal  to  the  shore  for  250  feet,  thence  diagonally  down- 
stream for  700  feet  to  a  point  400  feet  from  the  right  bank.  From  this  latter  point  a  retain- 
ing wall  or  long  pier  extends  downstream  800  feet  to  the  right  bank.  The  head  varies  from 
about  10  feet  at  the  upper  end  of  the  dam  to  18  feet  at  the  lower  end,  the  average,  as  given 
by  the  Government  engineers,  being  14  feet.  Its  available  water  power  is  taken  from  a  race 
along  the  left  bank,  from  the  ship  canal  on  the  right  bank,  and  from  the  adjacent  retaining 
wall. 


a  Estimated  by  U.  8.  Asst.  Engr.  L.  M.  Mann,  on  flow  of  170,000  minute-feet,  at  4,508» 2,367  ,axi'lirv*IV. 
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The  extreme  variation  of  head  Ls  stated  at  2  feet,  but  the  ordinary  variation  is  only 
half  that  amount.  It  Ls  due  to  the  manner  of  using  water  hy  the  Ncenah  mills,  and  to  the 
prevalence  of  strong  winds  blowing  continuously  on  Lake  Winnebago  and  changing  its 
volume  of  discharge. 

The  race  on  the  left  bank  Ls  600  feet  long,  several  extensive  paper,  pulp,  and  flouring  milk 
occupying  the  strip  of  land  between  it  and  the  river.  IIen>  are  located  the  Appleton  Paper 
and  Pulp  Company,  with  installed  turbine^s  under  ll-f(K)t  head,  rated  at  550  horsepower: 
the  Kiniberly  &  Clark  Company;  the  Vulcan  and  Tioga  mills,  with  about  710  and  770  tur- 
bine horsepower,  respectively;  and  the  Atlas  paper  mill,  with  766  turbine  horsepower.  The 
Appleton  Wat«n*'orks  Company,  1 ,400  feet  l)clow,  receivers  power  from  this  c^nal  through  a 
flume  which  affords  a  head  of  18  feet.  The  alwve  powers  by  long-establLshed  usage  are 
recognized  as  Ijelonging  to  the  respective  companie^s,  and  not  to  the  Green  Bay  and  Mias»- 
sippi  Canal  Company. 

Of  the  power  developed  on  the  right  bank,  nearly  all  is  taken  from  the  long  pier.  The 
Green  Bay  and  Mississippi  Canal  Company  owns  the  land  on  thLs  side  of  the  river  and  leasts 
power  to  users. 

The  head  here  varies  from  12  feet  near  the  upper  end  of  the  pier  to  16  feet  at  the  lower 
end.  The  water  Ls  taken  through  ten  arched  o|)enings  in  the  stone  pier  from  the  largp  baj 
above.  This  power  is  fully  developt'd  by  the  WLs<'onsin  Traction,  Heat,  Light,  and  Power 
Company,  with  turbine^s  under  16-foot  head,  rated  at  2,250  porsepower  (l)eside«  2,000  9team 
horsepower). 

Of  the  few  unused  power  sites  on  thLs  dam  the  greater  numl)er  are  located  on  tlie  ship 
canal,  and,  as  heretofore  stated,  are  owned  by  the  Green  Bay  and  Mississippi  Canal 
Company.     The  following  table  gives  the  developed  jMiwers: 

Wafer  ;x)MV7*.v  on  the  UuUal  Stalts  ainal  at  Appi^Um. 


Water  power. 


OwiHT  and  use.  .      «    .    ,    u   /-^    r^«    *.*•   j 

Avonipo  1    Hated      Kntitled 
head.     ,     II.  P.     '      to— 


H.F. 


Fee.,     ;  I  I 

Riverside  Paper  and  FilxT  Co 14.0,  383  i            300  I 

Appleton  Chair  Co.,  turn  i  til  re 7.5,  26  i  25  I          35 

Union  Toy  and  Furniture  Co ,           8.0  50  1  25             » 


Middle  dam. — The  middle  dam  also  Ls  inde|x;n(lent  of  both  the  Government  work  and  the 
(ireen  Bay  and  Mississippi  Canal  Company.  It  was  built  })v  private  capital  for  water-pcnwr 
purposes  only.  It  is  2,4(X)  feet  U»low  the  nppi>r  dam  and  Ls  u))out  4/iO  feet  long.  The  dam 
was  constructed  of  tin»l)er  in  1877  and  has  its  foundation  in  limestone.  A  canal  leads  down 
the  north  (left)  bank.  The  south  end  of  the  dam  abuts  on  Grand  Chute  Island,  Wcsi's 
hydraulic  canal  Ix'ing  supplied  from  the  adjacent  basin. 

Previous  to  1877  power  had  U'cn  dcv(^l()[>cd  by  wing  dams  passing  upstream  from  both 
banks  for  s<»vcral  hundred  feet.     The  [)rcsent  dam  i><  reported  to  have  an  average  head  of  7.3 
feet,  developing  at  ordinary  flow  (2,6()()  second-feet)  2, UK)  theoretical  horsepower.    The 
head  nt  th<*  various  factories  and  mills  varies  from  7  to  1-4  feet ,  (l<»|K»nding  on  their  location, 
the  variation  In-ing  similar  to  that  at  the  up[K'r  dam.     The  water  level  is  remarkable  fo\ 
uniformity. 

The  north-shore  race  is  8(K)  feet  lon<;,  supplying  a  head  varying  from  9  feet  at  the  upp*"*^ 
end  to  12  feet  at  the  lower. 

West's  canal  starts  nt  the  right  abutment  of  the  dam  and  extends  down  Grand  Chui^t"e 
Island  for  about  1,7(K)  feel,  nearly  parallel  to  the  river.  It  has  a  width  of  about  1^-^ 
feet,  with  earth  and  stone  embankment  about  3  feet  above  the  water  .surface.  The  be^^^° 
averages  10  feet.  Several  tine  power  sites  still  unoccupied  on  thb  canal  are  especial^^*^ 
desirable  because  of  excellent  traasportation  facilities. 
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The  following  table  gives  the  important  users  of  water  power  from  the  middle  dam: 
Water  powers  on  the  middle  dattiy  Applelon.a 


I 


Owner  and  use. 


Fox  River  Paper  ('o.: 

Ravine  mill 

Lincoln  mill 

Fox  River  mill... 

Patton  Paper  Co 

Patton  Pulp  Co...... 


Water  power. 


Average      Rated 
h(»ad.         H.  P. 


Telulah  paper  mill.  pulp. 


Appleton  Machine  Co 

Appleton  woolen  mill,  paper,  knitting,  ete. 

Fourth  Ward  planing  mill,  lumber 

Marston  &  Bcveridge,  hubs  and  spokes 

Valley  iron  works 


Feet. 
11.0 

8.0 

8.5 
14.0 
.•i.O 
ri.O 
8.0 
.8.0 
•  7.0 


2,126 


814 

m 

903 
14 
47 
28 
77 
47 


Entitled  to- 


?  flow  of  Fox 
River  less  25 
H.  P. 


1,250  H.  P  . 

'3,000  sq.  in. 

500  sq.  in . . . 
90  H.  P.... 
30  H.  P.... 
75  II.  P.... 
40  H.  P.... 


Steam 
H.  P. 


1,050 


500 


25 
50 


a  Authority,  L.  M,  Mann,  U.  S.  assistant  engineer. 

f>  Power  uw?d  by  Fox  Rivwr  Papt^r  Co.  (threw  mills)  aro  locate<l  on  West's  canal;  the  other  powers  are 
on  the  left  bank. 

Ixfwer  dam. — ^The  lower  or  Government  dam  is  located  about  three-fourths  of  a  mile 
f>elow  the  middle  dam  and  just  below  the  lower  bend  of  the  river,  at  a  point  where  the  river 
Ls  485  feet  wide.  The  dam  extends  downstream  from  the  left  bank  417  feet,  at  an  angle  of 
alK>ut  45°  with  the  channel,  to  an  embankment  which  extends  600  feet  farther  downstream. 
The  lower-level  ship  canal  is  back  of  this  embankment.  The  river  runs  close  to  the  left  bank, 
which  Ls  high  and  steep,  while  on  the  right  bank  a  flat  200  to  300  feet  wide  intervenes  between 
the  shore  and  the  bluffs.  There  are  four  methods  of  utilizing  the  power — viz,  from  the 
abutment  of  the  dam,  from  the  race  on  the  left  bank,  from  the  ship  canal,  and  from  the 
Telulah  Water  Power  Company's  canal  on  the  right  shore.  The  average  head  of  this  dam 
iai  stated  at  8.5  feet,  which  at  ordinary  flow  gives  2,550  theoretical  horsepower.  The  report 
of  Capt.  L.  M.  Mann,  on  whose  authority  the  above  statement  is  made,  shows  that  about  850 
horsepower  remain  to  be  installed.  There  is  .said  to  be  a  fall  of  3  feet  in  the  1,500  feet 
below  the  dam.  This  water  power  Ls  owned  by  the  Green  Bay  and  Mississippi  Canal 
Company. 

The  left  or  west-shore  race  starts  at  a  point  450  feet  above  the  dam  and  extends  nearly 
parallel  to  the  channel  a  distance  of  1 ,200  feet  below  the  dam.  The  blufl's  rise  steeply  from 
the  water,  so  that  mills  mast  extend  out  over  the  river.  It  is  claimed  that  this  race  is  entitled 
to  one-fourth  of  the  stream  flow. 

The  right  or  east  canal,  known  as  the  Hyde  &  Harriman  canal,  has  several  good  locations 

for  mills.     The  land  adjacent  was  owned  by  Mr.  W.  Hyde  and  Judge  J.  E.  Harriman,  while 

the  power  belonged  to  the  Green  Bay  and  Mississippi  Canal  Company.     These  interests  were 

united  and  the  canal  cxjmpleted  in  1880.     It  starts  at  the  head  of  the  ship  canal  and  skirts 

t}i€^  blufl's  for  its  entire  length  of  2,250  feet,  leaving  a  wide  strip  of  flat  land  between  it  and 

tiie  river.     An  earth  embankment  forms  the  river  side.     Tlio  cross  section  of  the  canal  at  its 

tipper  end  is  120  by  7  feet,  but  it  gradually  decreiises.     Its  head  varies  but  slightly  and 

is   said  to  average- 10  feet.     The  most  important  mill  on  this  canal  is  that  of  the  Telulah 

F^a. per  Company,  with  a  total  of  11  turbines,  rated  at  1,368  actual  horsepower. 

CEDARS    DAM. 

This  dam  backs  up  the  water  for  the  entire  distance  of  3.3  miles  to  the  lower  Appleton 
<*ani,  affording  slack-water  navigation.     Fox  River  in  this  stretch  is  hemmed  in  by 
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high  clay  banks  and  has  an  average  width  of  600  feet.  At  a  short  distance  below  the  dam 
however,  a  small  creek  enters  from  the  north,  causing  the  bluffs  to  recede  from  tlie  river  and 
follow  up  the  creek,  leaving  a  flat  area  of  perhaps  35  acres.  The  dam  is  situated  about  1 ,000 
feet  below  the  point  where  the  bluffs  leave  the  river.  It  crosses  the  river  in  a  DomuJ  dis- 
tance of  810  feet.  It  has  an  average  head  of  9.7  feet,  which  at  an  ordinary  flow  of  2,660 
second-feet  gives  2,910  theoretical  horsepower.  This  power  is  owned  by  the  Green  Bay  and 
Mississippi  Canal  Company,  but  the  entire  ]>ower  is  leased  to  the  Kimberly  &  Clark  Paper 
Company  for  a  paper  mill.  This  firm  reports  an  iastallation  of  33  turbines,  under  a  head  of 
11  feet,  rated  at  4,217  actual  horsepower. 

IJTTLECnUTE . 

The  next  Grovernment  dam  is  located  4.000  feet  l)elow  the  Cedars  dam  at  a  amall  Tillage 
called  Littlechute.  The  river  has  extensive  rapids  at  this  point,  there  being  a  total  descent, 
according  to  the  Government  profile,  of  36.2  feet  in  the  2  niiles  between  the  foot  of  the 
Cedars  lock  and  the  backwater  of  the  Kaukauna  dam  below.  These  rapids  are  paased  by 
a  canal  6,500  feet  long  on  the  left  bank  of  the  river.  One  lock  of  15-foot  lift  is  located 
about  1,000  feet  from  the  head  of  the  canal,  and  a  composite  lock  of  about  204oot  head 
is  located  at  the  lower  end  of  the  canal. 

The  river  is  about  840  feet  wide  at  the  dam  site.  On  the  left  bank  the  bluffa  retreat 
from  the  river  slightly,  leaving  a  narrow  flat  and  some  small  islands.  On  the  right  bank 
there  is  a  break  of  perhaps  1,.'500  feet  in  the  bluffs.  This  power  and  the  adjacent  land 
belong  to  the  (irecn  Bay  and  Missi.ssippi  Canal  Company.  Tlie  dam  has  a  head  of  12  feet, 
but  the  total  available  head,  because  of  the  adjacent  rapids  in  the  7,000  feet  below  the  dam, 
is  stated  t^)  Ik»  34  feet.  Tliis  descent,  with  a  flow  of  2,660  second-feet,  gives  10,200  thet>ret- 
ical  horsepower.  It  is  certain  that  to  develop  more  than  half  tliis  amount  would  require 
a  large  expenditure  of  money.    At  the  present  time  20  feet  of  fall  have  been  developed. 

The  Littlechute  Pulp  Company  has  installed  24  (mostly  54-inch)  turbines  under  a  head 
of  12  feet,  rated  at  3,000  actual  horsepower.  Tlic  power  next  in  importance  on  this  dam. 
and  the  only  power  not  leas(»d  from  the  Green  Bay  and  Mississippi  Canal  Company,  is  that 
of  a  flouring  mill  owned  by  Arnold  Verstigen,  run  by  6  turbines  rated  at  100  horsepower. 

COMBINED   IXK'KS   DAM. 

About  a  mile  Inflow  the  Littlet'luite  dam  is  the  Combined  Locks  dam,  owned  by  the 
Combined  Jjocks  Paper  Company.  A  view  of  this  dam,  tt>g»»ther  w^ith  part  of  the  company's 
plant,  is  shown  in  PI.  IF,  B.  The  compuny  has  49  turbines  installed,  rated  at  4,438  prac- 
tical horse|H)wer.  leased  from  the  (rreen  Bay  and  Mis.«dssippi  Canal  Company. 

(iRAND    KAI'KAITNA    DAM. 

A  descent  of  'lO.^  feet  in  a  distance  of  less  than  a  mile  entitles  the  Grand  Kaokauna 
rapids  to  first  place  in  all  the  water  iM>wcrs  of  tlic  lower  Fox  River.  Both  topographic 
and  transportation  conditions  arc  very  favorable  for  improvement.  The  Kaukauna 
dam  is  distant  2.o  miles  from  the  Littlccluitc  dam  and  prmluces  slack  water  to  th^end  of 
the  liittieclnito  canal.  Tlit'  rapids  ar<>  pass<>d  by  a  ship  canal  7,400  feet  k>ng,  aztanding 
from  the  (lam  and  including  .5  locks  with  an  aggregate  lift  of  .')0.3  feet,  all  kKmted  on 
the  h'ft  bank  of  tin*  river.  At  its  middle  point  this  canal  Is  di.stant  1,000  feet  from  the 
river.  Th«*  river  is  about  TOO  feet  wide  at  the  dam.  but  a  (piarter  of  a  mile  bek>w  broadens 
out  between  several  islands  to  a  niaxinuim  width  in  the  middle  of  the  rapids  of  over  2.000 
feet.  The  islands  are  low,  but  all  have  the  limestone  biLse.  Tliese  i.<)land8,  together  with 
the  flats  on  botli  sides  of  tlie  river,  give  fine  facilities  for  water-iK>wer  development.  The 
distance  acio.ss  the  valley  from  bluff  to  bluff  is  about  3,r)0()  feet. 

The  water  powers  are  made  available  in  three  or  more  ways,  viz,  from  the  ship  canal, 
from  the  Kaukauna  Water  Power  canal,  and  from  the  Edwards  &  Mead  canal.     There  is 
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frontage  of  900  feet  or  more  on  the  upper  level  of  the  ship  canal  suitable  for  powt?r 
ivelopment  and  furnishing  an  average  head  of  about  16  feet.  The  Eaukauna  Water 
>wer  canal  starts  400  feet  above  the  dam,  thence  runs  400  feet  at  an  angle  from  the  shore 
about  45°.  At  a  point  about  200  feet  from  the  river  it  turns  and  runs  parallel  to  the 
uth  channel  of  the  river  for  2,000  feet.  Its  greatest  width,  150  feet,  is  at  the  bulkhead. 
s  minimum  width  is  86  feet  and  its  depth  Ls  1 1  feet.  There  is  said  to  be  a  descent  of  2 
et  in  the  total  length  of  2,400  feet,  and  the  average  he^d  furnished  is  18  feet.  Along 
ic  side  and  end  of  the  canal  there  is  a  total  frontage  of  2,100  feet  available  for  power 
t4*s  and  mills. 

The  Kaukauna  Water  Power  Company's  claims  to  one-half  the  flow  of  the  river  were 
inied  by  the  Green  Bay  and  Mississippi  Canal  Company  at  the  time  of  the  construction 
these  improvements,  and  the  matter  was  taken  into  the  courts  for  adjudication.  After 
ic^essive  trials  in  the  State  courts  the  question  was  finally  settled  by  the  United  States 
ipreme  Court  October,  1898,  in  favor  of  the  Green  Bay  and  Mi.ssissippi  Canal  Company, 
hirh  thereupon  purchased  the  entire  plant  and  canal  of  the  Kaukauna  Wat^r  Power 
)nipany.  ^i 

In  this  decision  the  Supreme  Court  held  broadly  that  the  use  of  the  surplus  waters  cre- 
ed by  the  Government  dam  and  canal  at  Kaukauna  Ix^longed  to  the  Green  Bay  and 
ississippi  Canal  Company,  but  that  *'after  such  waters  had  pasat^d  over  the  dam  and 
Tough  the  sluices  and  had  found  their  way  into  the  unimproved  bed  of  the  stream,  the 
jhts  and  disputes  of  the  riparian  owners  must  be  d(^termined  by  the  State  court." 
The  EMwards  &  Mead  canal  was  built  under  the  dire<-tion  of  Capt.  N.  M.  Edwards,  engi- 
«r  for  the  Green  Bay  and  Mississippi  Canal  Company.  Advantage  was  taken  of  a  branch 
the  main  north  channel  running  between  two  large  islands;  this  was  formed  into  a  pocket 
i  damming  the  ends  and  sides.  This  channel  starts  600  feet  below  the  bridge,  and  the 
mi  was  placed  1,000  feet  below  its  head.  As  the  water  is  taken  from  below  the  first 
vel  of  the  rapids  the  Green  Bay  and  Mississippi  C^anal  Company  could  make  no  legal 
aim  to  it,  but  subsequent  to  its  development  Iwught  the  power.  The  sides  of  the 
lannel  are  sul>stantially  built  of  earth  on  the  south  side  and  dry  rubble  masonry  on  the 
>rth  side. 

Recently  very  comprehensive  plans  have  been  prepared  for  the  improvement  of  the  lower 
vel  at  Kaukauna,  which  will  produce*.  6,500  theoretical  horsepower.  Tliese  plans  include 
le  blasting  out  of  the  tailrace  so  as  to  develop  a  21-foot  head  at  the  present  Government 
im,  and  also  the  construction  of  a  new  masonsy  dam  below  which  will  develop  27  feet 
iditional.  As  this  dam  would  render  u.8eless  some  of  the  present  improvements  below 
le  Government  dam,  it  will  l)e  necessary  to  purcha.se  such  property  l)efore  the  new  dam 
in  \ye.  constnicted.  These  developments  will  be  made  as  soon  as  a  suitable  tenant  is 
lund. 

At  the  present  time  the  Cireen  Bay  and  Mississippi  Canal  Company  offers  for  rent  3,000 
leoretical  horsepower  already  developed  at  the  headrace  of  the  Kaukauna  WaterPower 
ompany's  canal,  recently  purchased.  Large  store  buildings  at  this  point,  though  par- 
ally  destroyed  by  fire,  could  n'udily  be  converted  into  a  large  manufacturing  plant. 
The  city  of  Kaukauna  has  r),(X)0  inhaMtants  and  iu  on  the  main  line  of  the  Chi<-ajj;o 
id  Northwestern  Railway,  hemg  also  reached  by  the  Fox  River  Valley  Electric  Railway. 
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The  following  table  gives  a  list  of  the  power  users  at  Kaukaiina  and  the  installcKl  turbiDe 
power: 

Water  powders  on  Fox  River  at  Kaukauna.  a 


Owner. 


Water  power. 


Average 
head. 


Rated 
H.  P. 


-  Steam 
Entitled  i  H.  P. 
to-      , 


Badger  Paper  Co 

Chicago  and  Northwestern  Rwy.  shops. 

Kaukauna  Fiber  Co 

Kaukauna  Machipe  Co 

Kaukauna  Electric  Light  Co 

Thilmany  Pulp  and  Paper  Co 

Western  Paper  Bag  Co 

Outagamie  Paper  Co 

Lindauer  Pulp  C^ 

Reese  Pulp  Co 

Thilmany  Pulp  and  Paper  Co 


Feet. 


16 

1,230  1.. 

450 

47  i 

75  , 

110 

194  1 

100 

300 

250  t 

75! 

15 

194  |.. 

\m 

389 

275' 

175 

1 

1,400 

400  ! 

310 

21 

816  1 

1.500  ,. 

12  '. 

12 


440, 
709 


350 
SfiT 


a  N08. 1-4  are  owned  jointly  by  the  Qroen  Bay  and  Mississippi  Canal  Company;  Nos.  5-9  are  leaffd 
from  the  same  company;  Nos.  10  and  11  are  leased  from  same  company  and  Edwards. 

Below  Kaukauna  Rapids  the  river  is  from  1,200  to  2,200  feet  wide  for  nearly  2  miles,  but 
it  gradually  contracts  to  a  width  of  about  /jOO  feet  for  the  lower  half  of  its  course  between 
Kaukauna  and  Rapide  Croche.  Almost  without  exception  the  bluffs  rise  directly  from 
the  river  for  the  entire  distance.  Navigation  is  also  l)y  slack  water  from  the  Grand  Kau- 
kauna Canal  to  the  Rapide  Croche  dam. 

RAPIDE   CROCHE    DAM. 

The  Rapide  Croche  dam  is  located  4.5  miles  below  the  Grand  Kaukauna  dam  and  was 
built  by  the  Government  for  navigation  purposes.  It  is  about  450  feet  long  and  has  an 
average  head  of  8.5  feet.  The  bluffs  rise  on  either  side  close  to  the  river,  except  on  the 
left  bank  at  the  site  of  the  ship  canal.  This  canal  starts  just  above  the  dam  and  extends 
downstream  for  a  distance  of  1,760  feet  to  the  lock.  This  forms  a  strip  of  land  well  suited 
for  power  or  mill  sites,  being  900  feet  long  and  varying  in  width  from  20  feet  at  the  ends 
to  200  feet  at  the  middle.  This  ground  and  120  acres  adjacent  is  owned  by  the  Green 
Bay  and  Mississippi  Canal  Company. 

The  Rapide  Croche  dam  develops  2,400  theoretical  horsepower,  which  may  l)e  leased  on 
extremely  favorable  terms.  At  the  present  time  this  power  is  not  utilized.  Its  location, 
nearly  midway  l>etween  Green  Bay  and  Appleton,  is  convenient  for  the  development  of 
electric  power  for  railroad  or  other  purposes.  Tlie  Chicago  and  Northwestern  Railway 
and  the  Fox  River  Valley  Klectric  Railway  are  close  at  hand  on  the  left  bank. 

Lirri.E    KArKAl'NA    DAM. 

Six  miles  Ix'low  the  Rapide  Croche  darn  is  located  anothe/  Government  dam  which  fur- 
nishes .slack-water  navigation  in  this  stretch  of  the  river.  This  dam  is  alx)Ut  550  feet  long 
and  furnishes  a  head  of  8  feet.  The  bluffs  ris<»  dost^  to  the  right  bank,  but  on  the  left  bank 
recede  for  several  hundred  feet.  Advantage  is  taken  of  this  fact  to  locAte  the  Govern- 
ment canal  here.     This  canal  is  950  feet  long  and  has  a  single  lock  at  it,s  lower  end. 

The  power  here,  like  that  at  Rapide  Croche,  is  owned  by  the  Green  Bay  and  Mississippi 
Canal  Company,  while  the  riparian  right-s  are  owned  by  other  parties.  This  fact  has  led 
to  a  protracted  legal  struggle,  which  has  resulted  in  preventing  the  utilization  of  the  valu- 
able water  powers.  Tt  is  stated  on  good  authority  that  these  suits  have  recently  been 
settled  and  that  improvements  will  soon  be  made. 
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number  of  water-power  lots  would  be  made  available  by  the  construction  of  a 
.rallel  to  the  canal  about  as  shown  in  6g.  3.  An  8-foot  head  with  a  flow  of  2,660 
t,  gives  2,400  theoretical  horsepower. 


DEPERB    DAM. 

-n  at  Depere,  a  city  of  over  4,000  inhabitants,  about  7  miles  from  the  mouth  of 
,  is  the  last  dam  and  lock  on  the  river.  A  view  of  it  is  shown  in  PI.  II,  A.  The 
•rib  constructiqu,  about  2,000  feet  long,  and  furnishes  an  average  head  of  7  feet, 
an  ordinary  flow  of  2,660  second-feet,  gives  2,100  theoretical  horsepower.  A 
eel  bridge  is  located  just  below  the  dam. 


Fig.  '.\      Plan  of  water-powpr  devolopinpiit  at  Little  Kaukaiina,  Wis. 

ver  does  not  l)olong  to  the  Green  Bay  and  Misssisippi  Canal  Company,  for  it  was 
r  a  contract  whereby  the  riparian  owners  were  to  have  the  use  of  the  power  in 
the  maintenance  of  navij^ation  improvement's. 

erican  Writing  Paper  Company,  which  has  one  of  the  largest  and  most  modern 
s  on  the  river.  lia.s  installed  Hi  large  turbines,  with  a  rating  of  1,565  practical 
r.  In  addition  the  rompany  uses  1,300  steam  horsepower.  It  is  entitled  to 
K)wer  of  the  river  less  2S)0  hors(?power.  The  value  of  its  annual  product  is  stated 
0. 

right  bank,  taking  water  from  the  ship  canal,  are  located  the  J.  P.  Dousman 
s  flouring  mill,  with  175  actual  turbine  horsepower,  and  the  Depere  Electric  Light 
r  Company's  plant,  with  100  actual  turbine  horsepower.  The  flouring  mill  has 
of  I^K)  barrels  a  day.     These  are  the  last  powers  on  the  river. 
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RAILUOAIIS. 

Attention  has  elsewhere  been  called  to  the  fact  that  the  freedom  from  freshets  which  loww 
Fox  River  enjoys  allows  the  building  of  railroad  side  tracks  over  or  across  the  river  so  as  to 
reach  any  mill  no  matter  how  situated.  The  river  thus  enjoys  excellent  railroad  facilities. 
The  Chicago  and  Northwestern  Railway  closely  follows  the  left  bank  of  the  river  between 
Neenah  and  Green  Bay,  and  a  branch  performs  a  similar  service  for  all  the  mills  between 
Menasha  and  Kaukauna  on  the  right  bank.  The  Chicago,  Milwaukee  and  St.  Paul  Rail- 
way reaches  Neenah,  Menasha,  and  Appleton,  while  another  branch  parallels  the  river 
between  Green  Bay  and  Depere.  The  Wisconsin  Central  line  reaches  Neenah  and  Menasha. 
Besides  the  steam  lines,  the  river's  entire  length  is  closely  followed  by  an  electric  inter- 
urban  railroad,  which  provides  a  train  every  hour  at  reduced  rates. 

The  navigation  improvements  maintained  by  the  Federal  Government  provide  for  « 
6-foot  channel  between  Oshkosh  and  Green  Bay.  While  this  channel  is  insufficient  for  the 
larger  freight  boats  navigating  the  Great  Lakes,  the  commerce  on  lower  Fox  River  has  been 
sufficient  to  reduce  the  railroad  freight  rates  to  an  exceedingly  reasonable  basis.  This  gives 
the  numerous  factories  on  this  river  a  very  marked  advantage  in  shipping  both  raw  materials! 
and  finished  products.  This  advantage,  together  with  the  extremely  low  rates  at  which 
water  power  may  be  rented  ($5  to  $10  per  annum  per  horsepower),  has  already  made  this 
one  of  the  largest  manufacturing  districts  in  the  State. 

MENOMINEE  RIVER  SYSTEM. 

This  nver  is  formed  by  the  junction  of  Michigamme  and  Brule  rivers,  and  for  its  entire 
length  of  about  104  miles  forms  the  boundary  between  Wisconsin  and  Michigan.  It  flows 
in  a  general  southeasterly  direction,  entering  Green  Bay  at  Marinette. 

DRAINAGE. 

The  Menominee  drainage  basin  is  narrow  in  its  lower  portion,  but  widens  as  the  stream 
is  ascended,  the  river  receiving  important  branches  near  its  source.  Its  total  drainage  area 
is  about  4,000  square  miles,  of  which  1,450  square  miles  is  in  Wisconsin. 

Like  Chippewa  River,  it  has  a  main  arm  to  the  north,  Michigamme  River,  which  is  nearly 
as  long  as  the  main  river,  its  source,  in  fact,  being  within  12  miles  of  Lake  Superior.  This 
has  an  important  bearing  on  the  discharge  of  the  Menominee,  because  it  secures  the  laige 
run-off  due  to  the  heavy  precipitation  of  that  region  as  well  as  the  steadying  effect  of  the 
enlarged  drainage.  The  combined  drainage  area  of  Brule  and  Michigamme  rivers  amounts 
to  1,769  square  miles  a — nearly  one-half  that  of  the  entire  river  system. 

l*ROFIL.E, 

From  its  head,  at  the  junction  of  Brule  and  Michigamme  rivers,  to  its  mouth,  a  distance 
of  al)out  104  miles,  the  river  descends  about  700  feet.  In  addition  to  this  its  Wisconsin 
tributaries  descend  al)Out  300  feet,  and  those  in  Michigan  470  feet.  The  opportunities  for 
water  power  are  numerous,  b(U'.ause  of  the  fre<|uent  concentrations  of  descent  in  rapids 
along  the  eiitin»  course  of  the  river.  The  following  descriptions  of  the  most  important 
water  p<iwers  are  taken  from  data  furnished  by  Messrs.  O'Keef  &  Orbison,  hydraulic  engi- 
neers, of  Appleton,  Wis.,  who  also  loaned  maps  and  profiles  of  the  river,  and  from  the  veiy 
full  descriptions  hy  James  L.  (ireenleaf,C  E.,  in  the  <'ensus  report. h 

Quoting  from  the  latter: 

It  will  bo  ovi(J<Mit  from  the  following  account  that  there  is  an  immense  amount  of  water  power  on  the 
Menomin(H»  awaiting  development,  the  concentrations  of  the  descent  in  numerous  rapida  and  falls  sup- 
plying remarkai)ly  fine  opportunities  for  improvements.  Any  works  for  the  utiM7ation  of  the  power 
would  have  to  bo  so  c<mslructed  as  not  to  interfere  with  the  manufacturing  company  in  the  driving  of 
logs,  but  dams,  elf.,  could  be  built  so  as  to  1m*  no  hindrance  to  the  passage  of  logs. 


«  Tenth  Census,  vol.  17.  p.  57. 

t>  Water  powers  of  the  Northwest:  Tenth  Census,  vol.  17,  pp.  5)M}0. 
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In  the  table  that  follows  will  be  found  a  statement  in  detail  of  the  descent  of  Menominee 
River,  together  with  other  valuable  data: 

Profile  of  Menominee  River  from  its  mauih  to  head  of  upper  rapids,  Twin  Falls.a    ' 


No., 


Station. 


1 
2 
3 

4  ! 

5 

6 

8 

9 
10 
11 

12 
13 

14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 


Distance— 


From 
mouth. 


Mouth  of  river 

Dam  No.  1,  foot . . . .' 

Dam  No.  2,  foot 

Dam  No.  3,  foot 

Schappies  rapids,  foot 

Schappies  rapids,  head ' 

Grand  rapids,  foot  (mouth  of  Little  Cedar  River) I 

Grand  rapids,  head  (NW.  J  sec.  32,  T.  34  N.,  R.  23  E.)  .| 

Railroad  crossing,  Ross 

White  rapids,  foot  (lot  1,  sec.  30,  T.  35  N.,  R.  21  E.) .  .| 
White  rapids,  head  (south  line  8cc^7, T.  35  N. ,  R.  22.  E. ) 

Pemena  rapids,  foot  (mouth  Pemena  Creek) 

Pemena  rapids,  head  (south  line  sec.  5,  T.  36  N.,  K 

22  E.) 

Pemena  dam,  foot 

Pemena  dam,  crest 

Sturgeon  Falls,  foot 

Sturgeon  Falls,  head 

Sturgeon  River,  mouth .* 

Norway,  Mich,  (where  public  road  joins  river) 

Iron  Mountain,  Mich.  CiOO  feet  al>ove  old  ferry) 

Little  (iuinnesec  Falls,  foot 

Little  (^uinnesec  Falls,  head 

Big  (^uinnesec  Falls,  foot 

Railroad  bridge  south  of  Iron  Mountain 

Highway  bridge  south  of  Iron  Mountain 

Railroad  bridge,  river  siding 

Twin  Falls  (fiOO  feet  below  lower  rapids) 

Twin  Falls  (head  of  upper  rapids) 


MiUs, 


20 

25 

2.75 

7.7 

8.7 

22.0 

24.5 

26.5 

50.7 

53.7 

61.5 

63.0 
07.0 
67. 5 
77.0 
77.5 
7a  1 
80.1 
84.1 
8.5.4 
85.65 
89.9 
91. 15 
92.4 
100.4 
101.4 
102.1 


Be- 
tween 
points. 

MiUn. 


20 

.5 

.25 

5.0 

1.0 

13.3 
2.5 
20 

24.2 
30 
7.8 

1.5 
4.0 


.5 

.6 
2  0 
4.0 
1.3 

.25 
4.25 
1.25 
1.25 
8.0 
1.0 


Eleva- 
tion 
above 
lea  level. 


Feet. 

580.0 

580.0 

587.0 

594.0  . 

6120 

622  0± 

649.0  J: 

669.  Oi: 

671.8 

683.4 

714.4 

748.3 

767.1 

773.1 

786.2 

803.9 

81&8 

818.0 

824.0 

851.0 

87a  0 

942.0 

966.0 

1,020.0 

1,045.0 

1,065.3 

1,072  5 

1,099.8 


Descent  be- 
tween points. 


Total. 


Per 

mile. 


Feet.   I    Teet. 


7.0, 
7.0  ! 

lao  I 

10.0 
27.0  I 
20.0 

28  I 

n.6 


14.0 

2ao 

3.6 
10. 0± 
20± 

ao 

1.4 

4ao 


31.0  I  laio 


30.3 

18.8 

&0 

131 

17.7 

12  9 

L2 

&0 

27.0 

27.0 

64.0 

24.0 

54.0 

25.0 

20.3 

7.2 

27.3 


3.9 

12.5 

15.0 

2112 

1.9 

25.8 

20 

3.0 

6.7 

20.7 

256.0 

5.6 

43.3 

20.0 

25 

7.2 

39 


a  Authority:  No.  1,  U.  8.  Lake  Survey:  Noa.  2-6,  Menominee  River  Boom  Company;  Nos.  7,  8,  and 
10-18.  T.  W.  Orbison;  No.  9,  Wisconsin  and  Michigan  Railway;  N(>s.  19-27,  U.  S.  deol.  Survey;  No.  28, 
Chicago  and  Northwestern  Railway. 

GEOIX>GY. 

While  the  surface  is  largely  covered,  generally  deeply,  by  glacial  drift,  the  Menominee 
and  all  its  tributaries  flow  over  hard,  pre-Camhrian  crystalline  rocks  as  far  south  as  the 
mouth  of  Pike  River,  or  fully  two-thirds  its  length.  In  this  region  important  iron  mines  are 
found.  Below  the  mouth  of  Pike  River  the  Menominee  flows  10  miles  acnxss  the  C^ambrian 
sandstone,  then  for  18  miles  across  the  ne.xt  higher  layer,  the  "Lower  Magnesian"  lime- 
.stone.  and  for  the  last  8  miles  to  its  mouth  across  the  "Trenton"  group  of  limestones.o 

The  crossing  of  the  Cambrian  sandstone  results  in  no  rapids  of  importance,  but  two  rapids 
occur  in  passing  the  "Lower  Magnesian"  and  the  "Trenton''  limestones.  Most  of  the 
rapids,  of  course,  are  in  the  harder  cry.stalline  rocks  above  the  mouth  of  Pike  River  . 

The  topography  of  the  country  through  which  Menominee  River  flows  can  not  be  de- 
scribed as  mountainous,  but  many  higli  ridges  give  diversity  to  the  surface.  The  Wisconsin 
branches,  Pine  and  Brule  rivers,  rise  side  by  side  with  the  Flambeau  and  the  Wisconsin  in 


a  Geol.  Wisconsin,  p.  - 
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a  high,  flat  plateau,  abounding  in  lakes  and  8wamp)s.  In  many  cases  the  rivers  head  in 
lakes  but  a  few  rods  apart,  or  even  in  the  same  swamp.  These  lakes  and  swamps  have  an 
elevation  of  nearly  1,600  feet  above  sea  level,  or  1,000  feet  above  Lake  Michigan.  The 
Michigan  branches  flow  from  a  similar  though  even  higher  region,  and  it  is  certain  th&t 
these  swamps  and  lake  reservoirs  exert  a  marked  influence  in  steadying  the  disciiai^  of 
the  river. 

RAINFALL.  AND  RUN-OFF. 

Because  of  the  paucity  of  data  concerning  the  discharge  of  rivers  in  this  region,  it  is 
exceedingly  diflScult  to  estimate  the  ordinary  discharge.  The  discharge  measurements  in 
this  district  have  been  made  since  1901,  and  most  of  them  since  1903. 

The  rivers  mentioned  below  are  similarly  situated  with  respect  to  Lake  Superior,  which 
is  perhaps  the  governing  factor  in  determining  the  rainfall.  In  1903  Elscanaba  River 
yielded  a  minimum  of  700  second-feet  from  891  square  miles.  Measurements  made  by 
the  I.  Stevenson  Company  indicate  a  minimum  flow  of  this  rivtr,  in  a  dry  year,  of  400  second- 
feet.  Measurements  of  Iron  River,  continuing  from  November,  1901,  to  April,  1904,  show 
a  minimum  flow  of  0.8  second-foot  per  square  mile  for  two  months  in  1902,  and  the  same 
for  February,  1903.  It  seems  reasonably  certain  that  except  in  unusually  dry  years  the 
ordinary  low-water  discharge  of  these  rivers  Is  not  far  from  0.6  second-foot  per  square  mile. 
In  1904,  a  year  of  average  rainfall,  the  minimum  run-off  occurred  in  the  month  of  December, 
when  it  averaged  0.77  second-foot  per  square  mile. 

In  the  following  tables  will  be  found  the  maximum,  minimum,  and  mean  discharge  in 
second-feet  of  Menominee  River  at  Little  Quinnesec  Falls  during  twelve  months  of  1898 
and  1899 : 

Estimated  monthly  discharge  of  Menominee  River  at  Little  Quinnesec  Falls  y  ]f  w.o,  May^  1898, 

to  August,  1899. 

[Drainage  area,  2,432  square  miles.] 


May 

June 

July 

August 

September. 

October 

Novemlier. 


Date. 


April... 
May.... 

J  urn* 

July.... 
August . 


1898. 


1899. 


Maxi- 
mum. 


Discharge. 

V 
Mini-  I 
mum.    I 


Mean. 


I 


Sec-feet. 
3,802 
3,616 
2,740 
4,968 
3,544 
5,735 
3,601 

4,642 
4,485 
4,624 
2,521  I 
1.7S9  , 


Sec-feet. ,  Sec-feet. 


2,443  I 

1,447  1 
655  I 
498  I 
797  ' 

1,947  ! 

1,484  I 

i 
3.083  I 
3.744  I 
2,017  I 
804  ' 
1.408 


3,086 
2,459 
1,439 
2,282 
2,560 
3,248 
2,766 

4,011 
4,112 
3,476 
1,819 
1,573 


Run-off. 


Per 
square 
mile. 


I 


Sec-feet.  \ 
1.26  , 
1.01  I 
.59  I 
.94 
1.05 
1.34 
1.14 

l.a5 
1.09 
1.43 
.75  I 
.65  1 


Depth. 

Inches. 

1.45 
1.13 
.68 
1.08 
1.17 
1.S4 
1.27 

1.84 
1.95 
1.(50 


a  For  the  daily  discharge  for  this  tiino  seo  Wat 
were  made  by  J.  H.  Wallace,  (".  K.,  and  furnished 


or-Supply  Paper  No.  m.  np.  25G-257.    M 
I  by  Kimberly  A:  Clark,  of  Niagara,  Wis, 
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It  will  be  seen  that  the  smallest  monthly  average  during  this  time  was  0.59  second-foot 
per  square  mile  of  drainage.  Lumbering  operations  on  Menominee  River,  though  declin- 
ing since  1892,  nvaiill  active.  The  operation  of  the  many  logging  dams  must  have  a  great 
effect  on  the  regiman  of  the  river.  In  a  few  years  the  lumber  will  be  so  nearly  removed 
that  it  will  be  cheaper  to  carry  logs  by  railroad.  Tlien  the  dams  can  be  used  to  augment 
the  low-water  flow.     This  will  greatly  enhance  the  value  of  the  water  powers. 

The  average  aaMial  rainfall  of  this  region  is  estimated  by  the  Tenth  Census  at  35  inches, 
or  10  per  cent  in  excess  of  the  average  of  the  State. 

The  following  tsble  gives  the  annual  precipitation  in  the  valleys  of  Wolf,  Oconto,  Pesh- 
tigo,  and  Menominee  rivers  for  the  eleven  years  ending  in  1904: 

Anmud  precipitation ^  with  averages,  at  seven  stations  in  Wisconmn  covering  eleven  years. 


BtKtloti. 

1 
/■;      In. 

""* 

liVT. 

Tn. 

28.7 

27.:* 
20.7 
2fl.O 
25.3 
24.3 

1W». 

In. 
30.2 
31.3 
3^.3 

IflOO. 

in. 

1909. 

iwa. 

1004. 

AveragE. 

Ambflfvi.. ., 

tn. 

32.2 
29.2 

In. 
25.7 

^1 

37.4 
25.  h1 

37,6 

In. 

0,3 

34.1 
2A<i 

In. 

30.2 
43.0 

34.7 
51. 1 

1 

34.7 

Koeiienlck, ,. 

Oconto 

„..'  23.S  '  ^4.» 
.,.-    27.fi     27.2 

....;  ^.8  1  2910 

46.  n     33.0 
37.9     32.7 
3SlO     ^.1 

32.A 
31.7 

;      31.3 

3D  K 

Sll»WADCl...  ._^._. 

..,  J  27.9    

32.  n 

27.  !^ 
32.4 

30.8 

39.3    

'          30.8 

AVaupaca 

33.fi     20.5 

....'  27.3     27.3     36.3     27.0 

!       i               1 

39.1 

26.0 

30.8 

32.0 

32.0 

29.7 

Average 

29.6 

30.8 

36.2 

34.2 

1          31.5 

1 

The  summary  given  alxjve,  embodying  oljservations  of  the  yearly  rainfall  from  1894  to 
1904,  inclusive,  at  seven  near-by  stations,  shows  the  average  rainfall  of  this  section  for  the 
alx>ve  period  to  be  31.5  inches.  This  is  very  conservative,  for  earlier  observations  for 
longer  periods  show  larger  averages,  as  will  bo  seen  from  the  following: 

Record  of  precipitation  at  two  stations  in  Wiscomdn  prior  to  1894. 
[From  the  SmithsoniHn  tables.] 


Stotion. 


Embarrass.. 
Weyauwega. 


There  is  reason  to  believe  that  the  rainfall  at  the  headwaters  of  these  rivers  is  in  excess 
of  that  on  the  lower  part  of  the  drainage  area,  where  most  of  the  observation  stations 
are  lo<*ated. 

The  following  table  compiled  from  Bulletin  C,  United  States  Weather  Bureau,  shows 
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the  result  of  observations  of  precipitation  and  temperature  in  the  basins  of  Fox,  OooDto, 
Menominee,  and  Wolf  rivers  for  the  years  stated  prior  to  1876: 

Record  of  precipitation  and  temperature  at  nine  stations  in  Wisconsin  prior  to  1876. 


St.ition. 


Period  of 

observa- 

tion. 


Precipitation. 


Temperatun*. 


Spring. 


Sum- 
mer. 


I  !  Inches)  Inches. , 

Wautoma ^  1871-1874  !  5.50  '  6.25  , 

Portage ' ^  1836-1845  I  5.58  >  11.46  | 

Weyauwega 1861-1873  |  6.74  .  17.85 

Waupaca '  1867-1874!  5.50  I  14.50; 

Menasha '  1857-1858  |  6.83  10.73 

Appleton 1856^1871  I  7.65  '  10.24  l 

OreenBay 1858-1865  1  6.18  9.35 

Embarrass '  1864-1874  |  8.14!  12.49 

Eacanaba '  1872-1876  ,  8.52  '  13.72 

I  i 


Au- 
tumn. 

Win- 
ter. 

Ywr. 

Inches. 

Inches. 

Inches. 

1.98 

3.16 

25.92 

7.63 

2.83 

27.50 

14.23 

5.31 

44.13 

6.92 

3.93 

25.92 

7.06 

5.14 

29.76 

6.92 

3.70 

28.51  1 

10.43 

4.46 

32.42 

8.21 

5.73 

34.57  [ 

10.57 

3.28 

36.09  1 

1 

Sum- 


°F. 


Win- 
ter. 


68.22 

r>a20 

70.17  \ 
65.30 
67.48  ' 
68.10  I 
66.82  I 


19.  M 
19.32 
20. « 
23,11 
20.15 
18.  «2 
1&2S 


It  will  be  not^  that  the  upper  portion  of  this  drainage  are^  is  scan^ely  represented  in 
the  above  tables,  the  stations  where  rainfall  observations  were  made  being  grouped  in 
the  lower  portion  of  the  river  valleys.  Tliere  is  reason  to  believe  that  the  average  rainfall 
would  be  found  to  bo  sensibly  larger  for  a  series  of  stations  more  evenly  distributed  so  as 
to  include  the  northern  portion. 

The  following  discharge  measurements,  gage  heights,  and  rating  table  are  the  result  of 
observations  by  hydrographers  of  the  United  States  Geological  Survey  on  Menominee 
River,  near  Iron  Mountain,  Mich.: 

Discharge  measurements  of  Menominee  River  at  Homestead  bridge,  near  Iron  Mountain,  Mich., 

190£  to  1905. 


Date. 


1902. 

September  4 1  1 1  or  ton  and  Gregory 

November  4 j  W.  V.  Savicki 

1903.  I 

April  9a '  L.  R.  Stwkman 

April  19 ' do 

July  22 1 do 

August  25 ' do 

September  !♦'> ' do 

Octolwr  27 1 do 


v.m.  I 

May  18 '  K.  Johnson,  jr 

June  1 do 

August  10 do 

Septonilier  .'> do 

OctoU>r  11 1  F.  W.  Hannii 

Noveml)er  18 '  E.  Johnson,  jr 

V.m. 

April  12 S.  K.  Clapi: 

May  22 do 

June  15 M.S.  Brennon 

July  13 do 

August  13 do 


o  Stream  full  of  logs;  probably  log  jam. 


t>  Mean  vel(x;ity=S5  per  cent  of  surface  velocity. 


HBNOMIITEE   RIVER   8Y8TE1I. 


47 


Mean  daily  gage  height ,  infeetf  of  Menominee  River  near  Iron  Mountain f  Mich.,  September 
4, 190e,  to  December  31,  1905. 


Uny. 


I  ocpt+  Oci< 


17&2. 


1, 


3._. 

e._. 

10.  „ 
11,-. 
12,.. 
13... 
li... 
l^, . . 


l.flO 

1  100 
2.25 

I  l.Q^ 
LttI 


i.aT 
i.fis 

1J!£ 
K45 
1.5fi 

K58 

i.co' 

l.flT 

1,77 
1.30 

2.8S 
2.1kji 
2.17 


N<VT. 


2.  SO 
^ifi 

2.m 

2.  OS 

2.eo 

2,1(1 
2.45 
3.27 

6.07 

ft.  57 


Dttf. 


2,2Z 

£.80 
2.2.'^ 

I.S5 

125 

3. 35 
3.M 

3.00 
2.85 


Day. 


1903, 


17,, 
1ft.. 
19.. 

m.. 

21. 
22. 
33. 
24.. 

^. 
26. 
27. 


fiept. 


1.40 

1.4.1 
1.35 

i.an 

1.45 
L52 
l.4» 

1,47 
1.4f) 
1.40 
l,S5 
I.^W 
1,.M 


oet. 


[ 


l.«5 
l.fflZ 
l.W 
1.65 
L57 
165 
1.67 
:2;,42 

a,ai> 

3.  £2 
2,gi5 
3.57 

ir.07 

2.«3 
2.75 


Not.  '  I>ec. 


6.45 

5.f»5 

5.35 

j  JS.CP 

I  4. 47 

14.4.^ 

'  3.90 

3.02 

3.i^ 

3.30 

3.00 

2..W 
Z62 


I  I 


\ 


2.55 
2.70 
2.63 
2.75 
2.75 
2.57 
2.40 
2.32 
2.35 
2.20 
2.10 
2.00 
2.15 
2.20 
2.10 


Day. 


1903. 


Jan.      Feb.     Mar.     Apr.  j  May.    June.    July.     Aug.     Sept.     Oct.  ,  Nov.     Dec, 


1 

2           1 

3 

4 1 

5 

6 1 

7 1 

g 

9 1 

10...               ! 

1, :rj 

12 

13 1 

U ' 

1.5 ."' 

16....                   ' 

17 1 

18 

19 1 

20...                    ! 

21....                   1 

22...  . 

23...      ' 

24 1 

V... ' 

26....                  1 

27 

28.... 1 

29 

30 ' 

3i 1 

2.55 

2.52 

2.42 

2.48 

2.50 

2.30 

2.25 

2.40 

2.35 

2.30 

2.35 

2.30 

2.20 

2.10 

2.18 

2.22 

2.25 

2.25 

2.32 

2.25  I 

2.10 

2.20  ' 

2.22  I 

2.15  ' 

2.12  I 

2.25 

2.35  I 

2.25 

2.35  i 

Z35  ; 

2.20 


2.35 
2.30 
2.20 
2.15 
2.15 
2.28 
2.25 
2.22 
2.20 
2.28 
2.40 
2.28 
2.22 
2.25 
2.20 
2.25 
2.22 
2.18 
2.20 
2.18 
2.10 
2.00 
1.95 
2.20 
2.25 
2.32 
2.45 
2.38 


2.38 
2.38 
2.42 
2.40 
2.35 
2.48 
2.55 
2.68 
2.72 
2.72 
2.75 

aoo 

3.32 
a55 
3.50 
3.48 
3.55 
4.25 
6.25 
&38 
8.85 
7.50 
6.20 
5.95 
5.80 
6.15 
5.42 
5.50 
5.15 
4.65 
4.30 


4.68 
5.15 
5.65 
&35 
2.25 
4.75 
8.30 
5.50 
5.50 
6.05 
6.25 
7.25 
7.15 
a  70 
7.45 
7. 52 
7.55 
7.80 

aao 

7.45 
7.58 
7.05 
6.90 
7.65 
7.50 
7.75 
7.00 
&45 
6.82 
7.45 


7.95 
7.85 
9.55 
&80 
9.45 
9.48 
9.72 
9.60 
9.32 
7.90 
8.96 
8.10 
9.90 
9.45 
9.18 
8.65 
7.60 
0.22 
7.55 
8.72 
9.05 
7.40 
9.40 
6.80 
7.80 
7.15 
8.45 
10.40 
11.85 
10.10 
10. 75 


9.30 
8.05 
&30 
7.60 
7.05 

aso 

3.40 
4.85 
4.85 
4.45 
3.90 

aso 

4.40 
a  75 
4.50 
4.45 
4.55 
4.80 
3.75 
4.80 
2.30 
3.10 
2.70 
a  10 
2.80 
2.00 

aso 

2.70 
2.45 
2.00 


a  70 
4.80 

a  50 
a85 
a. 50 

7.40 

aso 

5.95 
5.45 
5.25 
5.20 

aoo 

4.65 
4.60 
4.00 
a40 

a  05 

2.75 
2.85 
2.40 
a  10 
4.20 
a  15 
O.10 

a  25 

4.80 
5.30 
5.70 
ti.  Ho 
8.20 
7.10 


a '25 
a  20 
4.55 
5.60 
a60 
&00 
9.00 
8.90 
7.20 
a  70 

a  75 
aoo 
a50 

5.40 
.5.60 
5.60 

a  70 

4.05 
4.25 
4.ft5 
a  75 
a  70 
0.75 
a  75 

a. 15 

4.05 
4.65 
a85 

ago 

4.00 
4.55 


I 


4.45 
4.05 
a  70 
a  50 

aa5 

4.00 
4.65 
5.70 
a65 

a90 

5.80 
5.50 
7.60 

a  10 

9.00 
10.60 
11.20 
10.40 
9.45 
8.70 
8.00 
a  8.5 

a  95 
aa5 

5.90 
4.45 
5.50 
4.80 
4.40 
4.00 


4.30  I 
4.40  I 
5.20 

a60  { 

7.70  ; 
7.50  I 
7.65 
7.55  I 
7. 10  , 

a85  I 
a  70 
aso  ! 
a25 

5.75  ' 

5.  .50 

5.40 

4.8.5 

4.90 

4.90 

4.90 

5.20 

5.30 

4.35 

4.20 

4.a5 

aso  1 
aoo 
a  85 
aso 
a  75 
a  70  . 


aso 
aso 

3.75 
4.10  I 
4.00 

aso  I 
a5o 
a65 1 
a5o  1 
a  40  , 

4.10  I 
4.9.5 

aso  ' 
a  20 
a25  ' 
a. 55  I 
a25 

2.85 
2.65  i 
2.85 
2.  .50  I 
a  25 

aoo  ' 
a  10  I 

2.90  I 

aoo  ' 

2.8.5  I 

aoo  I 
a  10 
aoo 


aeo 
a  65 
ass 
a  55 
a  70 
a60 
a4o 
a35 
a35 
ao5 

2.90 
2.60 
2.50 
2.40 
2.45 
2.40 
2.40 
2.35 
2.65 
2.35 
2.30 
2.25 
2.35 
2.30 
2.35 
2.65 
a  15 
a  25 

a  10 
ao5 
a  15 
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WATER    POWERS   OF    NORTHERN    WISCONSIN. 


Mean  daily  gage  height f  injfii,  '*/  Menominee  River  near  Iron  Mountain,  Mieh,,  Septemhv 

4,*  I IH yJ ,  ti>  Ihrt  tit iji  r  Al    } *MK'* -  C*mt mu**tl . 


D^y. 


liM. 


33.. 
34.. 


30.. 
H„ 

1.. 
3., 

*.. 

5.. 
6.. 


]»il 


10 

11 

12 

13 

14 

15 

16 

17 

18 

19 


Jjtn,  I  Feb.  i  Mat. 


130  I    475 
42S       470 


B... 

10.. ....,,. 

11. 

12„. 

IS 

H 

1B,.-J,. -..,.„, 

1« - ... 

17. 

1^--^ I 

W...... I 

ao* ,...,- 

31,..-.. 


J 


3.30 

130 

455 

2.P0 

IfiO 

110 

21 7Q 

430 

3.00 

3.75 

435 

450 

2.75 

420 

4(10 

3.30 

130 

IW 

3.(30 

4^ 

170 

3.50 

400 

1,05 

3^45 

a90 

150 

3.ao 

3.9a 

aoo 

3.10 

SLtiO 

115 

^40 

3.S3 

130 

4  2,'i 

3.96 

12,^ 

i»0 

3.80 

100 

130 

3. 75 

105 

135 

3.76 

135 

13& 

3.70 

S.45 

110 

3100 

115 

115 

31 75 

115 

110 

160 

110 

129 

&60 

145 

125 

3.55 

175 

120 

3.6S 

155 

130 

3.55 

1«0 

12S 

175 

115 

130 

155 

110 

150 

lOO 

430 

115 

l.*^ 

isn 

....._, 

400 

a.  no 

2.39 

2,5« 

2L3g 

2.  :w 

2.«iO 
2.(iO 
2.  so 
2.S2 


Apif.     Uajr. 


2.  TiO 

2.  r.2 

2.  CO 


2.38 
2.30 
2.22 
2.25 
2.35 


155  I 

155  I 
135  I 
100 
X  10  \ 
1H5  I 
ITO  ! 
iri5  ' 

4130 
410' 

IIO 
IftS 
170 
17.1 
410 
3.05 
425 
440 
430 
433 
410 
5.4') 
dCB 
7,35 
7.2*1 
7.  « 
%K 
7.75 
7.40 


7.40 

a  ni ' 

7.00  ' 
7.W 
8.00  ' 
7.45 
(i.80  I 
r).80  I 

i\.  m  \ 

7.00  ' 
7.30  \ 

7.4o: 

7.40  i 
r..70 


«.  40 
0.10 
0.20 
5.80 


7.00 
7.05 
i^TO 
9l70 
81 15 
0.7O 

10L40 

JL05 
("J 

n.m 

U.  10 
UK  70 
10.  .=i5 

Si  05 
H.10 
fi.15 
S.15 

aa5 

IW) 
&15 
dlO 
7.05 
K.25 
9.00 
(a) 
10.  OO 
10.00 
8.70 
ivQO 

8.60 
fi.40 
a  50 
?*J0 
9.20 
0.20 
9.30 
0.20 
0.80 
0.  «iO 
0.  10 
0.00 
0.  10 
8.30 
7.40 
8.00 
9.70 
10.10 
10.20 


JuEH'.    July.    AiiiK.  '  Bi'pt* 


)k4R 
ri.05 
5,R5 

&ao 

ILOO 
7.30 

h.m 

7.50 
&55 
N^fiO 
'50 
<170 

aTO 

5.00 
5.40 
105 
400 
450 
ITO 
1.% 
1.10 
140 
170 
170 
S-l-s 
7.30 
(L75 
5.60 
0.70 
aTO 


IfiO 
6.W 
2.40 

2.40 
3.50 

o.;jo 

6.00 

7.:iO 

0.  30 
7.10 
5.  20 
5.  SO 
5.70 
5.70 
5.  80 
0.  40 

:«) 

7.20 
10.20 


I     . 


400 : 

Z35  ' 
120  \ 
2.00 

xm 

3.70 

100  i 

100 

420 

o.ao 

410 
430 

hm 

430 

3.75 

430 

1.05 

1321 

lOS 

2.50 

430 

170 

2.30 

LID  I 

2,  75  I 

1.40  I 

2.70 

hm 

110 
1.45 
L30 


2.15 
130  I 
100 
3.00 
1.30  I 
2L70  ^ 

1.30 ; 

1.30 

L45 

130 

IW 

440 

400 

1.00  I 

2.05  I 

170  I 

100  j 

100  ] 

110 

115 

140 

3.05 

145 

100 

n^ 

140 
2.70 
230 
1.00 
3.05 


115 
ITD 
106 
130 
100 
110 
110 
170 
115 
2.m 
110 
Z!^ 
2S5 
1,10 
140 

%m 

115 
ISO 
2.711 
2.05 
2.30 
2L55 
ISO 
100 
19.5 
115 
100 
15Q 
137 


%,m  \ 

0.40  , 

7.  H)  \ 
8.00 
8.00 
7.«K) 
7.00  ' 
5.80  \ 
4.20  I 
5.20  I 
1«)  ' 
5.40  I 
5.20  I 

b.m  ■ 
4. :«)  j 

4.40  I 
0.  10  I 
3.00  I 


170 
140 

3.40 
3.45 
3.30 
3.25 
3.40 
3.30 
3.40 
3.20 
3.20 
3.30 
3.30 
2.80 
2.50 
2.  05 
2.r)0 


Oct. 


Nftv,     Dw. 


I 


£.110      130  I 


3.  NO 

100 

7.30 

(1,00 

7.80  j 

7.00  I 

6.30  j 

5.30  I 

100  I 

140  I 

110  1 

3.70 

135 

3.00 

2.95 

100 

!.•« 

140 

180 


I 


106 
2  75 
3.G5 
3.4S 
Z75 

2.  MS 
^55 
2.0O 

3.m 

6l70 
7.00 
^35 

T.m 

7.35 
0.40  I 
5.90  , 
.5.55  ' 
5.30 
5.30 
5.00  , 

5.00  ; 

5.05  ^ 
5.05  [ 
5.15  t 

.'kOA  I 

115  ; 

5^05 

4S5 
135 
130 

3.  BO 


1S2 

zm 

2.43 

2.42 

2.35 

2.40 

2.42 

2.40 

2.35  I 

2.40  I 

2.45  I 

2.50  I 

2.55; 

2.80     ; 

2.90  i 
2.82 
2.96 
110 


3.10 

ie5 

4  JO 
175 
12s 
150 

IHO 
435 
110 
110 
130 
130 
135 
3.05 
3.05 

ao5 , 

3.80 
3L85 
115 
Z93 
ZOO 
2.07  , 
Z77i 
2.S5  I 
2. 75 
2.42 
1.913 
1.75  I 
ZOO  i 
Z07  ' 


1.30  I 

3^30 

1.30  I 

1.00 

100 

100 

Z95  I 

2.88  . 

2.92  ; 

100  ! 

100 

3.00 

2.90 

2.98 

110 

115 

105 

2.90 

Z88  , 


3€ 
t3 
±2! 
IS 
1^ 
im 
in 
1« 

i4r 

2.7* 

^m 
i« 

If? 

IS 

IC 
34' 
13B 

tc 

2r27 

IIS 
2.C 
IJT 
Z« 


2.47 

13D 


IflP 

l.il 
L7S 
325 
IM 
2.25 
365 
130 
113 
120 
120 
130 
120 
145 
130 
125 
140 
130 
125 
100 


a  Uage  under  water. 


t>  River  froxcn. 


MENOmiTEE   KIVEB   8T8TEM. 
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Mean  daUy  gage  height^  inftei^  of  Menominee  River  near  Iron  Mouniaint  Mich.,  September 
4, 19ai,  to  December  31,  i905— Continued. 


Day. 

Jan. 

2.95 
2.78 
2.75 
2.50 

Feb. 

30.. 

1905 

1 

21 

2.35 

•*•> 

... 

... 

.. 

2.35 
2.40 

2.45 

3.00 

:, 1 > 

Mar. 


2.50 
2.40 
2.45 
2.50 
2.65 
2.96 
a40 
3.80 
4.60 
6.00 
7.W 
7.40 


Apr.  '  May.    June.  '  July. 


I 


5.80 
5.70  I 
6.00  ! 
6.20  , 
6.00  [ 
5.80  i 
6.40 
6.80  \ 
7.60 
8.00  ' 
8.60 


9.30 
10.20 
7.40 
7.40 
7.40 
6.00 
5.20 
7.60 
6.60 
4.80 
5.80 
a40 


9.30 

6.70 
i  8.40 
j     6.50 

6.50 
'  5.80 
I  5.60 
i  7.80 
I     7.60 

8.00 
I     8.90 


I 


I 


3.40 
2.20 
2.05 
2.95 
3.90 
3.70 
3.70 
3.40 
3.95 
4.60 
4.70 
4.  GO 


Aug.  I  Sept. 


I 


2.70  1 
2,72  j 
2.25 


4.90 
4.80 
4.40 


2.00  ;    3.80 


2.22 
2.28 
2.20 
2.28 
2.10 


2.07 
2.00 


3.50 
a  45 
3.15 
2.95 
3.05 


Oct. 


2. 12  !    2. 85 


2.80 


3.30 
3.50 

aso 

3.50 
3.50 
3.55 
3.50 
3.40 
3.20 
3.20 
3.20 
3.30 


Nov. 


2.90 
3.05 
3.06 
3.10 
3.05 
3.15 
3.20 
3.06 
2.90 
2.50 
1.80 


Dec. 


2.95 
2.86 
2.70 
2.60 
2.60 
2.62 
2.65 
2.70 
2.65 
2.40 
2.40 
2.48 


lUitiiuj  table  fur  Menominee  Ri'Oer  near  Iron  Mountain,  Mich.,  September  4i  1902,  to  December 

31,  1905. 


height. 


Feet. 
1.2 
1.3 
1.4 
1.5 
1.6 
1.7 
1.8 
1.9 
2.0 
2.1 
2.2 
2.3 
2.4 
2.5 
2.6 
2.7 


Discharge  ■    ^^^^    I  Discharge.  |   {^^^ 


Second-feet. 
1,032 
1,094 
1,156 
1,219 
1,282 
1,346 
1,410' 
1,475 
1,540 
1,606 
1,672 
1,739 
1,806 
1,874 
1,942 
2,011 


Feet. 
2.8 
2.9 
3.0 
3.1 
3.2 
3.3 
3.4 

as 

3.6 
3.7 

a8 

3.9 
4.0 
4.1 
4.2 
4.3 


Second-feet.^ 
2,080  I 
2,150  ' 
2,220  I 
2,290    j 

I  2,-61     I 

2,432    I 

i  2,503 

2,575    I 
2,647 
2,719    I 
2,792    I 
2,866 
2,940 
3,015 
3,090 
3,166 


Feet. 
4.4 

4.5 
4.6 
4.7 
4.8 
4.9 
5.0 
5.2 
5.4 
5.6 
5.8 
6.0 
6.2 
6.4 


DiBCbarge.' 

Gage 
height. 

Discharge. 

Second-feet. 

Feet. 

Seeond-feet. 

3,242    ' 

6.8 

5,230 

3,319 

7.0 

5,420 

3,396    j 

7.2 

5,615 

3,474 

7.4 

5,815 

3,. 552 

7.6 

6,025 

•       3,630 

7.8 

6,235 

3,708 

8.0 

6,450 

3,865 

a5 

7,020 

4,023 

9.0 

7,630 

4,183 

9.5 

8,280 

4,345 

10.0 

8,970 

<,510 

10.5 

9,670 

4,680 

11.0 

10,370 

4,860 

11.5 

11,070 

5,040 

12.0 

11,770 

IRB  156—06- 
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WATER    POWEKS    OF    NORTHERN    WISCONSIN. 


Estimated  monthly  discharge  of  Menominee  River  near  Iron  Mountain,  Mich,,  Sepiember,  190i, 

to  December  SI,  1905. 

[Drainage  area,  2,415  square  miles.] 


Date. 


190  . 


September  (4-30) . 

October 

November 

December 


1903. 


April 

May 

June 

July 

August 

September. 

October 

November. 
December . . 


1904.  a 


April 

May 

June 

July 

August 

September. 

October 

November. 
December.. 


1905.a 


April. 
May.. 
Juno.. 


July 

August 

SeptonilKT. 

Octol>or 

NovenilMT. 
Deccmlw^r. . 


Discharge. 


Maxi- 
mum. 


8ec.-feet. 
1,772 
2,625 
5,306 
2,647 

6,780 
11,560 
8,020 
6,670 
7,630 
10,650 
6,130 
3,669 
2,719 

8,150 
11,770 
8,410 
8,396 
3,242 
3,669 
6,725 
3,591 


7,140 
9,250 
9,250 
7,140 
3,090 
6,450 
2,011 
2, 432 
2.539 


Mini- 
mum. 


1 


Mean. 


Sec-feet. 
1,032 
1,094 
1,806 
1,282 

1,705 
4,098 
1,540 
1,806 
2,467 
2,575 
2,719 
1,874 
1,705 

2,683 

3,630 

2,575 

1,094 

1,032 

1,410 

1,840 

1,378  I 

1,672  I 


I 


4,265 
2,503 
1.806 
1,573 
1.540 
2.080 
1.772 
1.410 
1,378 


Sec-feet. 
1,295 
1,596 
2,829 
1,909 

5,175 
7,496 
3,417 
3,553 
4,049 
5,091 
4,057 
2,505 
2,150 

3,995 
7,879 
4,791 
2,196 
2,125 
2,488 
3,650 
2,293 
1,838 

5,282 
6,810 
5,011 
3,850 
2,130 
3,284 
2,163 
2.204 
2,085 


Run-off. 


Per 

square 

mile. 


Sec-feet. 
0.536 

.661 
1.17 

.790 

2.30 
3.57 
1.57 
1.70 
1.94 
2.35 
^  1.94* 
1.16 
1.03 

1.84 
3.76 
3.21 
1.05 
1.01 
1.15 
1.74 
1.06 
.877 

2.19 
2.82 
2.07 
1.50 
.882 
1.36 
.896 
.913 
.863 


Depth. 


Inekti.' 

ass 
.•m 

1.10 
.811 

2.14 
3.10 
1.41 
1.47 
1.88 
2.11 
1.08 
1.04 
.«0 

1.S5 

3.ae 

1.96 
.90 
.«D 
1.03 
1.51 
.90 
.781 

2.44 
S.25 
2.31 
l.« 
1.02 
1.S2 
l.(B 


1  Ice  conditions  January ,  FohriiHry,  and  Marx'h.     No  ostimato  made. 

Ttio  folIowHip  tal)l('  of  drainaj]:c  aroa.s  of  Mcnoininoe  River  at  various  points  is  compiled 
from  Wator-Supply  and  Irrigation  Pa|x»r  No.  8^^: 

M emtniinfc  River  drainage  areas. 

Square  mllw 

Brule  River  above  Iron  River 170.0 

Iron  River  above  mouth 94.7 

Bnile  River,  including  Iron  River 264.7 

Brule  River  above  Paint  River 305.0 

Paint  River  at  mouth.. 738.5 

Brule  River  at  junction  with  Michigammc  River 1,044.0 


MENOMINEE    RIVEB   SYSTEM.  51 

Square  miles. 

liichigamme  River  at  mouth 723. 7 

Xfenominee  River  at  junction  of  Brule  and  Michigamme  rivers 1, 767. 7 

llenominee  River  above  junction  with  Pine  River 1, 833. 0 

Pine  River •    586.0 

llenominee  River,  including  Pine  River 2, 419. 0 

Henominee  River  above  Sturgeon  River. .-. 2, 538. 0 

Sturgeon  River  at  mouth 396. 0 

Menominee  River,  including  Sturgeon  River 2, 934. 0 

Menominee  River  above  junction  with  Pemebonwon  River 1 .  2, 993. 0 

Pfeme  Bon  Won  River 163.0 

Menominee  River,  including  Pemebonwon  River 3, 156. 0 

Menominee  River  above  junction  with  Pike  River 3, 274. 0 

Pike  River 292.0 

Menominee  Riter,  including  Pike  River 3, 566. 0 

Menominee  River  above  Little  Cedar  River 3, 792. 0 

Little  Cedar  River 149.0 

Menominee  River,  including  Little  Cedar  River 3, 941. 0 

Menominee  River  at  mouth 4, 113. 0 

WATER  POWERS. 

GENERAL  CONDITIONS. 

Principally  because  of  the  opening  up  of  the  many  rich  add  valuable  iron  mines  of  this 
region,  and  the  resulting  extensive  railroad  building,  the  valley  of  Menominee  River  has 
had  a  rapid  development.  The  following  railroads  at  present  have  extensions  in  this 
territory:  Chicago,  Milwaukee  and  St.  Paul;  Chicago  and  Northwestern;  Minneapolis,  St. 
Paul  and  Sault  Ste.  Marie;  and  Wisconsin  and  Michigan.  All  of  them  cross  the  Menomi- 
nee one  or  more  times,  and  several  are  near  enough  to  run  short  spurs  to  the  important 
"w^ater-power  sites.  The  developed  water  power  is  at  present  used  for  the  most  part  in 
mining  and  for  the  operation  of  lumber,  paper,  and  pulp  mills. 

Menominee  River  varies  fn  width  from  200  to  600  or  700  feet  far  up  toward  the  head- 
'waters.  For  the  first  7  miles  from  the  junction  of  the  Brule  and  Michigamme  there  are 
no  heavy  rapids,  but,  in  the  language  of  the  lumberman,  there  is  "strong  water''  all  the 
iway  and  probably  many  good  water-power  sites. 

BAD    WATER   RAPIDS. 

The  first  notable  rapids,  known  as  the  Bad  Water  rapids,  occur  7  miles  below  the  head 
<»Cthc  river,  in  sec.  27,  T.  40  N.,  R.  19  E.,  at  a  point  where  the  river,  100  feet  wide,  descends 
^  feet  over  a  ledge  of  rock.  While  definite  information  is  lacking,  it  is  likely  that  a  dam 
c^ould  be  built  here,  giving  a  head  of  10  feet. 

TWIN    FALI^. 

About  3J  miles  below  Bad  Water  rapids,  in  sec.  2,  T.  39  N.,  R.  19  E.,  are  the  Twin 
I**alls,  about  one-half  mile  apart.  The  vertical  fall  in  each  case  is  12  feet,  but  the  adja- 
^"«nt  rapids  are  sufficient  to  increase  the  total  descent  to  28  feet. 

PINE   RIVER   RAPIDS. 

For  6  miles  below  the  foot  of  Twin  Falls  the  total  descent  of  the  river  is  but  20  feet, 
ftnd  the  only  rapids  worthy  of  note  are  those  extending  for  about  five-eighths  of  a  mile 
on  both  sides  of  the  mouth  of  Pine  River.  Here  an  Island  divides  the  river  into  two  chan- 
nels with  rocky  bed.  The  descent  of  the  rapids  at  this  point  Ls  said  to  be  6  feet,  but  as 
the  banks  are  high  a  dam  could  develop  more  than  this.  Pine  River  increases  the  drain- 
age area  by  586  square  miles. 


52  WATER    POWERS    OF    NORTHERN    WISCONSIN. 

HORKE   RACE   RAPIDS. 

The  most  iinpuriaiit  rapids  iR^twoen  Twin  Falls  and  Big  Quinnesoc  Falls,  called  tk  in 
Horse  Rac«,  are  found  in  sec.  7,  T.  38  N.,  R.  20  E.,  both  above  and  below  the  Chicigi^  i.. 
Milwaukee  and  St.  Paul  Railroad  bridgt\  These  rapids  consist  of  two  pitches,  the 
of  about  20  and  the  lower  of  8  feet  descent,  separated  by  about  2,000  feet  of  leas  sift  it 
water.  As  the  banks  are  high  and  the  river  narrow,  it  seeins  likely  that  a  dam  could  k  y 
economically  constructed  here  to  develop  about  40  f€M?t  of  head.  This  site  is  only  3  miki 
from  Iron  Mountain,  Mich. 


Bia   gUINNESEC    FALIJi. 


A  little  over  7  miles  ImjIow  the  mouth  of  Pine  River,  and  4  miles  from  Quinnestc,!!! 
(he  Big  (Upper)  Quinnesec  Falls.     Thest^  aw  located  in  sec.  6,  T.  38  N.,  R.  20  E. 

At  Upijler  Quinnesi>c  Falls  tho  river  narrows  to  hardly  moro  than  50  fwt  wide  (map  mw^ureraeat) 
between  rocky  banks  of  tgneous  origin.  Iraraodiatoly  at  the  foot  of  the  falls  the  river  widenKw!.!^ 
and  about  800  feet  IxiXoyr  is  700  feet  across.  On  the  Wisconsin  side  the  banks  are  80  to  100  feet  U^M' 
and  on  the  Michigan  side  .10  to  40  fwt.a  r 

Below  the  falls  the  river  de^Bcends  only  2  fet>t  to  the  mile  for  a  distance  of  about  3  mikib 
At  present  only  54  feet  of  the  total  head  is  improved,  one-half  of  the  power  being  usedii 
compress  air  for  the  supply  of  the  Chapin  Iron  Mines  at  Iron  Mountain,  31  miles  disttBl 
The  remaining  portion  is  to  be  harnessed  in  HK)5  and  used  for  operating  mines  at  Norwij, 
9  miles  away.  On  account  of  the  local  conditions  it  is  unlikely  that  much  more  than  tbe 
present  head  can  be  economically  developed. 

LITTLE   QUINNESEC   FALI^. 

Four  miU«  below  in  sec.  10,  T.  'SS  N.,  R.  20  E.,  are  the  Little  (lower)  Quinnesec  Filk, 
which,  together  with  the  upper  falls,  descrilH'd  alx)ve,  form  the  most  important  powers  on 
the  river.  For  the  greater  portion  of  the  distance  between  the  upper  and  lower  Quiniwsff 
Falls  there  is  comparatively  quiet  water.  The  greati^-r  part  of  the  descent  of  24  feet  in 
this  distance  occurs  in  the  lower  2  miles.  Above  the  uppt»r  and  below  the  lower  falls  the 
banks  are  generally  high  near  the  river,  but  Iwtwecn  these  falls  the  hills  recede  from  the 
river  an  average  distance  of  alK)ut  one-half  mile  and  an»  separated  from  it  by  a  flat  and  in 
some  places  swampy  area. 

Maj.  T.  B.  Brooks,  who  reported  on  the  geology  of  this  district,  considered  that  tbeshon 
deposits  indicated  the  pn\sence  of  a  lake  at  a  comparatively  recent  date. 

Above  Little  Quinnesec  Falls  the  river  runs  southwest,  but  at  the  foot  of  the  falls  it  sud- 
denly turns  at  right  angles  and  runs  southeast,  the  water  surging  down  an  incline  of  about 
45°  and  then  plunging  into  the  comparatively  still  water  of  the  basin  below.  Tlie  totil 
fall  is  62  feet.  A  short  distance  alx)ve  the  falls  the  river  is  250  feet  wide,  but  nanrow 
down  at  the  pitch  to  about  50  feet.  The  falls  are  hemmed  in  by  great  masses  of  greeo- 
stone  and  schist  rock.  Along  the  Michigan  sidt^  a  steep  clilf  of  greenstone  at  least  140  feit 
high  forms  the  bank  for  a  distance  of  a  mile  or  more.  A  smaller,  but  similar,  rib  of  rodt 
foniLs  th(>  WiscoiLsin  bank  for  alK)Ut  700  feet. 

Formerly  Little  Quinnesec  Falls  were  partitilly  developed  under  25  fffct  head  for  wood- 
pulp  grinding;  but  in  1808  they  were  redeveloped  })y  the  Kiral)erly  &  Clark  Company  J* 
wood-pulp  and  pap<'r  manufacturing.  A  ledge  of  rock,  which  is  ust^d  for  a  bridge  pier, 
divides  the  falls  into  two  eliannels.  The  j)resent  development  gives  a  net  head  of  62f«t, 
equivalent  to  S,.'^70  theoretical  horsepower.  An  actual  installation  of  turbines,  generating 
5,800  hoi-sepowcr,  consumes  all  the  available  power. 

SAND   l'ORrA(;K    KVPins. 

These  rapids  lie  between  Little  Quinnesec  Fulls  and  the  mouth  of  Sturgeon  Fiver.    TVej  ' 
receive  this  name  l)e<'ause  the  Indians,  in  making  tlu'ir  ''earrv'  around  part  of  them, 

a  Tentii  Ceusus,  vol.  17. 
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led  over  a  large  amount  of  sand.  Tlie  rapids  are  scattered  along  a  distance  of  6  miles, 
hich  space  there  is  a  descent  of  60  feet.  About  half  of  this  amount  is  concentrated  in 
1\  miles  between  the  falls  and  the  old  cable  bridge  or  ferry  below.  As  the  topographic 
I  shows  ver}'  high  banks,  fairly  close  together,  a  head  of  25  feet  or  more  may  some  day 
leveloped  here.  The  Chicago  and  Northwestern  Railway  is  distant  only  1.5  miles, 
etwoon  the  above-described  dam  site  and  a  point  2.5  miles  below,  the  river  descends 
eet.  A  {>oint  due  south  of  Norway,  Mich.,  and  on  the  road  leading  from  that  city  is 
>ably  the  l)ost  location  for  the  dam  to  develop  tliis  fall,  but  even  here  a  dam  not  less 
I  700  feet  long  would  probably  be  required. 

[enominee  River  descends  but  6  fet^t  between  this  point  and  the  mouth  of  Sturgeon 
er.     This  may  be  considered  a  part  of  the  Sturgeon  Falls  power. 

STURGEON   FAUJi. 

''rom  l)elow  the  mouth  of  Sturgeon  River  to  a  point  just  above  Pemebonwon  River,  a 
Lanre  of  10  miles,  the  drainage  an'a  increases  from  2,934  square  miles  to  2,993  square 
les.  In  this  stret^-h  are  Sturgeon  Falls,  ono-half  mile  below  the  mouth  of  Sturgeon 
?er,  in  se<\  22,  T.  38  N.,  R.  21  E.,  Wisconsin.  These  falls  have  high  rock-ledge  banks, 
h  two  pitches  aggregating  13  feet.  By  backing  the  water  a  distance  of  about  3  miles 
s  head  could  Ik?  increased  to  15  feet.     At  the  head  of  the  falls  the  river  narrows  to  about 

I  feet,  but  at  the  foot  it  spreads  out  into  a  broad  basin.  In  order  to  use  the  power  it  will 
•hably  l>e  necessary  to  blast  out  a  race  in  the  rocks  or  build  a  flume  and  locate  the  mill 
or  near  the  foot  of  the  rapids. 

II  the  next  10  miles  the  river  descends  only  17  feet,  with  a  fairly  even  grade,  except  for 
)  or  three  small  rapids.  The  largest  of  thes<',  Nose  Peak  rapids,  is  al)out  1,000  feet 
?  and  d*'scends  about  4  feet. 

PEMENA    DAM    AND  RAPIDS. 

L  logging  dam  which,  together  with  the  adjacx^nt  rapids,  gives  a  fall  of  J4  feet  in  a  dis- 
ce  of  a  quarter  of  a  mile  is  located  in  sec.  24,  T.  37  N.,  R.  21  E.  The  Minneapolis,  St. 
il  and  Sault  St^'.  Marie  Railway  crosses  the  river  2i  miles  above  the  dam  and  passes 
bin  a  fraction  of  a  mile  from  it.  The  operation  of  a  dam  at  this  point  for  lumbering 
poses  greatly  k»ssens  the  amount  of  available  power.  At  the  present  rate  of  progress, 
rever,  this  dam  will  be  needed  for  logging  only  a  few  more  years.  It  has  been  found 
where  in  th<»  State  that  river  logging,  except  for  pine,  ca,n  not  compete  with  railroad 
isportation. 

rom  below  Pemebonwon  River  to  a  point  just  below  Pike  River,  a  distance  of  18  miles, 
drainage  area  increases  from  3,156  square  miles  to  3,566  square  miles.  Pemena,  Chalk 
I,  and  White  rapids  occur  in  this  distance. 

ibout  a  mile  above  the  mouth  of  Penielwnwon  River,  in  sec.  8,  T.  36  N.,  R.  21  E.,  the 
Qena  rapids  begin.  They  extend  for  a  distance  of  about  2  miles,  with  a  total  descent 
iO.2  feet.o  The  river  bed  here  is  a  nietamorphic  slaty  schist,  and  the  location  Ls  said 
)e  favorable  for  a  dam  site.  The  Wisconsin  and  Michigan  Railway  runs  parallel  to  the 
T  at  this  point  and  Is  only  2  miles  du^tant,  and  the  Minneapolis,  St.  Paul  and  Sault  Ste. 
ne  Railway  crosses  the  river  a  few  miles  al)ove. 

CHALK   HILL   RAPIDS. 

Q  the  11  miles  between  the  foot  of  Pemena  rapids  and  the  head  of  White  rapids  the  river 
:end8  38  feet,  the  grade  being  even  except  for  three  small  rapids  of  from  3  to  6  feet  each. 
Ik  Hill  rapids,  the  most  important  of  these  three,  are  located  in  sec.  6,  T  .35  N.,  R.  21  E. 
y  run  over  a  slaty  rock  at  a  point  said  to  be  suitable  for  a  dam,  and  if  developed  in  con- 
Lion  with  other  falls  about  half  a  mile  above  would  give  a  total  head  of  8  feet  or  more. 


Phis  statement  is  based  on  an  accurate  pn)filo  of  the  river,  prepared  by  Mr.  T.  \V,  Orbison,  C.  K., 
1  his  actual  surveys.  The  statement  made  in  the  Tenth  Census,  vol.  17,  p.  01,  that  the  total  (all 
toftt,  if  6Tidentl)r  an  error. 
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WHITE  RAPIDS. 

Four  miles  above  the  mouth  of  Pike  River,  in  sec.  19,  T.  35  N.,  R.  21  E.,  are  the  White 
rapids.  The  bed  of  the  river  is  said  to  be  gravel  and  bowlders,  and  the  banks  are  high 
enough  to  give  a  head  of  30  feet,  thus  developing  the  fall  for  3  miles.  Even  above  thk 
limit  the  river  descends  10  feet  in  1 }  miles,  as  will  be  seen  from  the  profile  (p.  51).  A  head 
of  30  feet  at  ordinary  low  water  would  develop  5,350  theoretical  horsepower. 

From  below  Pike  River  to  a  point  just  above  Little  Cedar  River,  a  distance  of  25  miks, 
the  drainage  area  incre^ases  from  3,566  to  3,792  square  miles. 

All  the  rapids  thus  far  described  have  been  over  the  pre-Cambrian  crystalline  rocks.  In 
the  next  28  miles  the  river  crosses  the  Cambrian  sandstone  and  '  'Lower  Magnesian "  lime» 
stone.  No  falls  or  rapids  worthy  of  note  occur  until  Grand  rapids  are  reached,  immediatelT 
above  the  mouth  of  Little  Cedar  River,  in  sec.  5,  T.  33  N.,  R.  22  E.  These  rapids  are  caused 
by  a  descent  over  hard  "Trenton"  limestone,  underlain  by  softer  strata.  They  haw  i 
fall  stated  at  25  feet  in  a  length  of  3  miles,  but  of  this  fall  only  that  in  the  lower  2  mils, 
amounting  to  18  feet,  can  be  cheaply  developed.  Both  the  Wisconsin  and  Michigan  and 
the  Chicago,  Milwaukee  and  St.  Paul  railways  pass  within  2  or  3  miles  of  this  sit-e. 

From  below  the  mouth  of  Little  Cedar  River  to  the  mouth'of  the  Menominee,  23  miks, 
the  drainage  increases  from  3,941  to  4,113  square  miles. 

TWIN    ISLAND   RAPIDS. 

These  rapids  are  situated  about  7  miles  below  the  Grand  rapids  and  16  miles  from  the 
mouth  of  the  river.  They  extend  for  three-fourths  of  a  mile  and  are  said  to  descend  10 
feet.  The  two  islands  lie  one  below  the  other,  dividing  the  river  into  east  and  west  chan- 
nels. The  bed  of  the  river  is  limestone,  the  banks  are.  steep,  and  a  dam  could  be  built 
across  each  channel  to  the  islands.  The  total  length  of  such  dams  is  estimated  at  about 
700  feet.     A  sawmill  with  a  6-foot  head  once  oc<?upied  the  east  channeK 

SCHAPPIES   RAPIDS. 

Located  about  5  miles  from  the  mouth  of  Menominee  River,  in  T.  31  N.  and  between 
Rs.  22  and  23  E.,  Schappies  rapids  extend  for  a  distance  of  about  a  mile.  During  the 
winter  of  1897  a  survey  was  made  of  these  rapids  by  a  competent  engineer,  Mr.  C.  B.  Pride, 
at  a  time  of  extreme  loW  water.  He  found  a  discharge  of  2,370  second-feet  and  determiiied 
that  a  head  of  18  feet  c^mld  be  economically  obtained.  This  power  belongs  to  the  Menom- 
inee River  B(K)ni  Company.  The  Chicago,  Milwaukee  and  St.  Paul  Railway  is  located 
about  3  miles  distant. 

MARINETTE   DAMS. 

The  last  series  of  rapids  is  found  at  Marinette,  WLs.,  near  the  mouth  of  the  Menominee. 
The  natural  channel  probably  had  about  12  feet  descent  here,  but  the  Menominee  River 
Boom  Company  built  three  danw,  one  above  another,  the  upper  one  backing  the  water  to 
the  foot  of  Schappies  rapids.  The  first  of  these  dams,  850  feet  long,  located  about  3  miles 
from  the  mouth  of  the  river,  in  T.  30  N.  and  near  tlie  line  l)etween  Rs.  23  and  24  E.,  de- 
velops a  head  of  7  feet. a  Power  is  applied  to  two  paper  and  pulp  mills  owned  by  the 
Marinette  and  Menominee  Paper  Company  and  also  to  a  flouring  mill.  No  statement  of 
the  turbine  installation  at  the  paper  mills  is  made,  but  that  at  the  flouring  mill  is  95  horee- 
power. 

The  third  dam  from  the  mouth  is  located  on  the  west  line  of  sec.  1,  T.  30  N.,  R.  23  E. 
This  dam  is  940  feet  long  and  has  a  head  of  18  feet.  The  middle  or  second  dam  is  located 
about  a  quarter  of  a  mile  below  the  third  dam  and  is  700  feet  long,  with  a  head  of  7  feet. 
It  is  used  for  boom  purposes  only.     The  Marinette  and  Menominee  Paper  Company  mill 

o  Data  regarding  the  Marinette  d&ms  furnished  by  the  owners. 
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is  located  just  below  this  dam,  but  it  takes  power  through  a  canal  from  the  third  dam.     Its 
turbines  therefore  work  under  a  total  head  of  about  24  feet. 

The  owners  of  these  three  dams  state  that  each  could  be  raised  from  5  to  10  feet  higher 
than  at  present. 

TRIBXJTARTES  OF  MEXOMINTIE  RIVER. 

The  Rotable  Wisconsin  tributaries  of  Menominee  River  are  Brule,  Pine,  Pemebonwon, 
and  F*ike  rivers. 

Brule  River  courses  in  a  bed  composed  mostly  of  gravel  and  bowlders  of  the  drift,  and 
for  this  reason  has  few  vertical  falls,  one  of  10  feet  being  said  to  exist  at  its  mouth.  It  is 
described  as  having  a  series  of  rapids  or  "strong  water '*  for  its  entire  length  of  42  miles. 
Its  total  drainage  area,  including  that  of  Paint  River,  is  1,044  square  miles. 

The  following  table  gives  a  fairly  complete  profile  of  Brule  River: 

ProfiU  of  Bride  River,  Wisconsin,  from  its  mouth  to  sec.  23,  T.  J^l  N.,  R.  14  E.a 


Distance— 


Miles.    I    Mile*. 


\  mUe  below  section  line  22-23,  T.  41  N.,  R.  15  E  .. 

(enter  of  bend  E.  \  sUke,  8«c.  31,  T.  41  N..  R. 
15  E 


i  mile  west  of  east  line,  sec.  24,  T.  41  N..  R.  14  E. 
0.4  mile  below  dam.    Noted  below 


Above  dam  800  feet  east  of  4  post,  sec.  22-23,  T.  41 
N.,  R.  14E 


7  ,  imllelastof»ectionline22-23,T.41N.,R.14E. 


7.0  I 

24.0  I 

\ 

29.5 ; 

31.6 

33.1  I 

33.5  . 
35.5  I 


±17.0 

5.4 
2.1 
1.5 

.4 

2.0 


Eleva- 
tion       

above    i 
sea  level   Total 


Descent  be- 
tween points. 


Feet. 
1,260 
1,411 

1,431 
1,468 
1,400 

I 

1,507 
1,520  ' 


Feet. 


I 


I 


151 

20 
37 
22 

17 
18 


Per 
mile. 


Feet. 


8.8 

3.7 
18.0 
14.6 

42.5 
6.5 


«  Authority:  No.  1,  Chicago  and  Northwestern  Railway;  Nos.  2-7,  U.  S.  (leol.  Survey. 

Pine  River,  the  largest  tributary  lying  wholly  in  Wisconsin,  has  a  total  length  of  53  miles 
and  drains  an  area  of  586  square  miles. 

In  the  first  half  milo  from  Its  mouth  the  current  is  vory  rapid  «>;  in  the  next  12  or  13  miles  the  fall  is 
comparatively  slight,  and  in  the  next  3  miles  there  are  two  falls  of  8  feet  each  1,000  ftvt  apart,  half  a 
mile  of  strong  water,  succeeded  by  another  fall  of  12  fctit,  then,  half  a  mile  above,  a  fall  of  40  feet. 
Sixty  feet  above  this  is  a  log^ng  dam  belonging  to  the  Menominee  River  Improvement  Company.^ 


The  length  of  Pike  River  is  48  miles. 


h  Tenth  Census. 
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DAMS  ON  MENOMINEE  RIVER  AND  TIUBITTARFES. 

The  location  and  height  of  dania  on  Menominee  River  and  tributaries  in  Wisconsin  are 
shown  in  the  following  table : 

Dams  on  Menominee  River  and  tributaries  in  Wisconsin. 


Dam. 


Menominee  River: 
1 


2 

3 

Pemenadain. 
Pike  River: 

1 


North  Branch  of  North  Branch  Pike  River. 
North  Branch  Pike  River: 

1 


South  Branch  Pike  liiver: 


4 

5 

Pine  River: 
1 


2 

3 

4 

Brule  River: 
1 


Wheeler  dam . 


Sec- 
tion. 

Town- 
ship. 

Rangp. 

'Height 
ofdAm. 

1 

f,.. 

6 

30 

24 

1 

30 

'         23 

; 

32 

31 

22 

\k 

24 

37 

21 

12 

8 

35 

21 

• 

16 

35 

20 

13 

28 

37 

18 

13 

32 

36 

20 

9 

20 

36 

« 

13 

19 

35 

20 

13 

31 

36 

19 

9 

35 

36 

18 

n 

29 

36 

18 

10 

17 

36 

18 

6 

30 

39 

18 

« 

11 

39 

15 

10 

10 

39 

14 

10 

36 

40 

13 

9 

5 

40 

17 

7 

19 

41 

16 

8 

15 

42 

13 

,    8 

23 

41 

14 

10 

PESHTIGO  RIVER. 

In  length,  grade,  shape,  and  size  of  drainage  area  Peshtigo  River  closely  resembles  its 
neighbor,  the  Oconto.  It  descends  an  average  of  nearly  10  feet  to  the  mile,  but  few  of 
its  powers  have  as  yet  been  developed,  because  this  region  is  very  thinly  populated.  The 
only  powers  reported  are  two  at  Peshtigo.  A  dam  with  a  10-foot  head,  owned  by  the  Peah- 
tigo  Lumber  Company,  supplies  the  power  for  a  sawmill,  which  has  turbines  of  1,390  horse- 
power installed.     A  flouring  mill  of  50  horsepower  is  also  located  at  Peshtigo. 

The  next  important  development  is  a  power  known  as  '*  High  Falls"  in  sec.  1,T.  32  N., 
R.  18  E.  In  a  distance  of  165  feet  the  river  de^sccnds  40  fc^ct.  A  dam  1,000  feet  long  would 
increase  this  to  55  feet.  In  a  recent  n'port  on  this  power  by  a  competent  engineer,  it  is 
stated  that  a  dam  200  feet  long  Ij  miles  above  this  point  would  create  an  immense  reser- 
voir.    Both  dam  sites  are  on  the  pre-C'ambrian  rock,  and  the  banks  are  of  clay  and  sand. 

A  few  miles  below,  in  sec.  9,  T.  32  X.,  R.  19  E.,  are  the  Grindstone  Rapids,  with  a  faU  of 
25  feet.  The  banks  at  this  point  are  said  to  l>e  high  and  steep.  The  Wisconsin  Geological 
Survey  map  shows  a  descent  of  35  feet  in  sec.  10,  T.  33  N.,  R.  18  E.  A  dam  at  Ellis  Junction 
creates  a  large  pond  and  furnishes  a  head  of  12  feet,  which  was  formerly  used  to  run  a  saw- 
mill. It  is  now  proposed  to  increase  this  head  to  24  feet  and  to  use  the  power  for  a  new 
pulp  mill. 
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Between  EUis  Junction  and  the  mouth  the  Chicago,  Milwaukee  and  St.  Paul  and  the 
Otiicago  and  Northwestern  railways  are  adjacent  to  the  river,  which  is  still  being  used  for 
lutxnbering  purposes.  Besides  the  above-described  dams,  logging  dams  are  located  in  sec. 
lO,  T.  33  N.,  R.  18  E.,  and  in  sec.  22,  T.  34  N.,  R.  18  E.,  with  heads  of  10  and  8  feet, 
respectively.    The  foUowing  table  shows  the  profile  of  the  river: 

Profile  ofPeshtigo  River  from  its  mouth  to  near  North  Crandon. 


SUtion. 

Dis- 
tance 
from 
mouth. 

Eleva- 
tion 
above 
sea  level. 

Authority. 

IdToiith  of  river 

MUea. 

Feet. 
581.3 
594.7 
619.7 
658.0 

1,620.0 

United  States  engineers. 

Peslitigo 

18 

+18 

48 

140 

Wisconsin  and  Michigan  Rwy- 

Do 

Chicago  and  Northwestern  Rwy. 

"West  of  Ellis  Junction 

Do. 

Neatr  North  Crandon  ...          

Minneapolis,  St.  Paul  and  Sault  Ste. 
Marie  Rwy. 

OCONTO    RIVER. 

GENERAL  C'ONDlTrONS. 

Oconto  River  rises  in  a  number  of  small  lakes  and  swamps  in  the  plateau  region,  at  an 
elevation  of  about  1,530  feet  above  the  sea.  In  its  length  of  87  miles  it  descends  945  feet. 
In  the  upper  35  miles  of  its  course  the  river  flows  over  the  crystalline  rodu,  and  here  is 
found  about  two-thirds  of  its  total  fall.  Upon  leaving  the  crystaUine  rocks  the  river  flows 
nearly  due  south  for  20  miles  over  the  Cambrian  sandstones.  At  Underbill  it  turns  abruptly 
^nd  flows  nearly  due  east,  crossing  the  "  Lower  Magnesian  "  and  "  Trenton  "  limestones  and 
ioining  Lake  Michigan  near  Oconto.    The  profile  of  the  river  is  shown  in  the  following  table : 

Profile  of  Oconto  River ^  Wisconsin; from  its  mouth  to  Wahena.a 


No. 


Station. 


Distance.         |   Eleva- 
I      tion 

1:rr|-'^«-'-  "Total 


Descent  be- 
tween points. 


From 
mouth. 


I  Chicago  and    Northwestern    Railway    bridge,  I 
f>conto j 

'  Chicago,  Milwaukee  and  St.  Paul  Railway  bridge, ' 
Oconto 


StUes 

Underbill 

Surings 

One  mile  south  of  mountain . . 
Two  miles  north  of  mountain. 
Wabena 


Miles. 


Feet. 


Feet. 


Per 
mile. 


I    Feet. 


581 


11  I 
,6  1 
3 
24 


590 

9 

1.8 

614 

24 

4.0 

770 

156 

7.8 

791 

21 

1,9 

916 

125 

7.8 

941 

25 

8.3 

1.526 

585 

24.3 

The  most  important  powers  are  found  in  the  last  33  miles  of  its  course,  in  which  distance 
the  river  descends  190  feet. 

WATER  POAVERS. 


The  first  dam  above  the  mouth  of  the  Oconto  River  is  located  at  Stiles,  in  sec.  34,T.  28  N. 
R.  20  E.,where  a  dam  400  feet  long,  with  11-foot  head,  furnishes  power  for  saw  and  pulp 
mills  owned  by  the  Anson  Eldred  Company.     This  company  has  installed  turbines  of  500 

a  Authority:  No«.  1  and  4-8,  Chicago  and  Northwestern  Railway;  Noa  2  and  S.Chicago,  Milwaukee 
ADd  St.  Paul  Railway.  • 
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horsepower.     It  is  reported  that  by  constructing  a  dike  about  450  feet  long  the  head  could 
be  increased  to  18  feet. 

OCX)NTO  FALLS. 

The  most  important  concentration  of  fall  on  the  river,  about  100  feet,  occurs  in  the  "Lower 
Magnesian"  limestone  at  Oconto  Falls,  in  sec.  25,  T.  28  N.,  R.  19  E.  A  dam  owned  bj 
the  Falls  Manufacturing  Company  has  a  head  of  37  feet  and  supplies  power  for  a  large  paper 
and  pulp  mill.  The  company  has  installed  turbines  rated  at  1,370  horsepower,  besides 
400  steam  horsepower.  About  a  quarter  of  a  mile  farther  up  is  located  a  dam  of  19-foot 
head,  which  furnishes  power  for  a  largo  pulp  mill,  belonging  to  the  Union  Manufacturing 
Company.  Seven  turbines  rated  at  940  horsepower  are  installed.  These  run  twenty-four 
hours  every  day  except  Sunday.  Only  half  a  mile  below  the  Falls  Manufacturing  Com- 
pany's dam  are  some  important  rapids,  where  an  excellent  power  is  available.  It  is  esti- 
mated that  a  dam  250  feet  long  would  develop  a  head  of  nearly  40  feet.  This  power  is 
owned  by  E.  A.  Eklmonds,  who  has  a  charter  for  a  dam  at  this  point  with  a  head  of  27i 
feet.  The  Chicago  and  Northwestern  railway  furnishes  excellent  shipping  facilities  at  all 
the  Oconto  Falls  powers  described  above. 

PUIX^IFER   DAM. 

The  last  dam  used  for  power  purposes  is  located  in  sec.  6,  T.  27  N.,  R.  18  E.,  and  fumisbes 
power  for  a  gristmill.     It  is  also  used  for  logging  purposes. 

MISCELLANBOU8   POWERS 

The  following  table  gives  the  location  and  extent  of  the  most  important  developed  and 
undeveloped  wat4»r  powers  on  the  Oconto  River: 

WcUer  powers  on  Oconto  River. 


No.! 


LiM^ation. 


DEVELOPED  POWERS. 


10 


14  ' 

15  j 

16  I 

17  I 
18 
19 


20 


Stiles,  sec.  34.  T.  28  N. ,  R.  20  E 

Oconto  Falls.  st«c.  25,  T.  28  N..  H.  19  E . . 
Oconto  Falls,  soc.  26.  T.  28  N.,  R.  19  E . . 

Pulcifer,  soc.  6,  T.  27  N..  R.  18  E 

Sec.  25,  T.  31  N..  R.  16E 

Sec.  4,  T.  31  N.,  R.  16  E 

Sec.  23,  T.  32  N.,  R.  lOE 

Sec.  30,  T.  33  N.,  R.  17  E 

Sec.  5,  T.  33  N..  R.  16  E 

Sec.  1,  T.  33  N.,  R.  15  E 

S«>c.  11.  T.  32N.,  R.  16E 

R.  16  E 

R.  16E 

R.  15E 

R.17E 

R.17E 


Estimated 
head.o 


Feet. 


H.  P.  In- 
stalled. 


Sec.  34,  T.  33  N. 

Soc.  30.  T.  33  N. 

Sec.  27,  T.  33  N. 

Sec.  18,  T.  31  N. 

Sec.  33,  T.  32  N. 

Sec.  21,  T.  32  N.,  R.  17  E 

Sec.  23,  T.  30N.,R.  16  E 

Sec.  16,  T.  30  N..  R.  16  E 


1 
37  ' 

12  I 
12  . 
10  '. 
10'. 
12'. 

10 :. 

10    . 

10  |. 

10  L 

10  . 

12  !- 

10  i. 

10  i. 

10  '. 
I 
10 


500 

1,370 

940 

45 


UNDEVELOPED  POWERS. 


Oconto,  sec.  23.  T.  28  N.,  R.  21  E. 


21  I  Oconto  Falls,  sec.  31,  T.  28  N.,  R.  20  E  . 
22 


I  Sec.  34,  T.  28N.,  R.  18E. 
23  I  Sec.  2,3,  T.  31  N.,  R.  16E. 


12 

40| 

15 

20' 


Saw  and  pulp  mill. 
Paper  and  pulp  mill. 
Pulp  mill. 

Flouring  mill  and  driving. 
Driving  only. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 


o  The  first  four  heads  are  reported  bj'  owners;  the  remainder  are  estimated  by  Mr.  W.  A.  Holti  o^  *^ 
Holt  Lumb^- ''~    ^'»onto. 
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WOLF  RIVER  SYSTEM. 
GENERAL  CONDITIONS. 

Wolf  River  rises  in  a  number  of  lakes  about  25  miles  south  of  the  Michigan  boundary  and 
flows  in  a  general  southerly  direction,  entering  upper  Fox  River  at  a  point  about  10  miles 
west  of  Lake  Winnebago.  Though  nominally  a  branch  of  Fox  River,  it  is  in  reality  the. 
master  stream,  having  over  three  times  the  discharge.  Wolf  River  receives  all  its  important 
tributaries  from  the  west  and  at  points  relatively  near  its  mouth.  It  has  been  elsewhere 
noted  (p.  64)  that  there  b  much  evidence  that  the  river  formerly  ran  west  and  joined  Missis- 
sippi River  through  the  present  Wisconsin  River  Valley  between  Portage  and  Prairie  du 
Chien. 

In  the  upper  half  of  its  course  Wolf  River  has  formed  its  bed  in  the  pre-€ambrian  crys- 
talline rocks,  and  in  this  distance  the  descent  of  the  river  is  very  rapid.  At  the  Chicago  and 
Northwestern  railway  crossing,  2  miles  west  of  Lenox,  the  river  has  an  elevation  of  1,562 
feet  above  the  sea.  In  the  80  miles  between  this  point  and  Shawano  the  river  descends  774 
feet,  or  9.7  feet  per  mile.  This  steep  gradient  causes  many  rapids  and  falls.  Lumber- 
ing dams  have  been  maintained  on  the  upper  river  at  the  following  pointsio  Sec.  9,  T.  33  N*, 
R.  12E.;Lmydam,8ec.  34,T.33N.,R.  13  E.;  sec.  10,T.31  N.,R.  14E.;  sec  25,  T.  31  N., 
R.  14  E.,  and  at  several  other  places  lower  down.  In  the  40  miles  above  Shawano  small 
undeveloped  powers  of  10  to  15  feet  head  are  of  frequent  occurrence. 

Shawano,  the  head  of  navigation  on  the  river,  and  county  seat  of  Shawano  County,  has  a 
population  of  2,000.  A  dam  is  located  at  this  point,  with  a  head  of  12  feet.  It  is  used  to 
grind  wood  pulp.  Shawano  also  marks  the  point  of  transition  from  the  pre-Cambrian  to 
the  Cambrian  sandstone.  It  is  at  this  point  that  the  river  crosses  the  old  coast  line  of  Lake 
Michigan  and  enters  the  region  of  red  clay.  Below  Shawano  the  stream  is  sluggish,  its 
descent  being  only  about  42  feet  to  Lake  Winnebago,  a  distance  of  about  80  miles.  The 
banks  are  low,  and  in  high  water  the  surrounding  flats  are  all  covered,  the  river  sometimes 
expanding  at  time  of  heavy  freshets  to  several  miles  in  width.  For  obvious  reasons  there 
can  be  no  water  powers  in  this  lower  region. 

The  profile  of  Wolf*River  for  160  miles  of  its  course  is  shown  in  the  following  table: 

Profile  of  Wolf  River  f  Wisconsin,  from,  mouth  to  near  Lejwx. 


Station. 

Disunce 

from 
mouth. 

Eleva- 
tion 
above 
sea  level. 

Wf nnAr«nnpA _ 

Miles. 

Feet. 
74&4 

New  Loodon ■ 

33 
80 
160 

749.5 

Shawano 

78&0 

l^enox 

1,562.5 

Authoj'ity. 


United  States  Engineers. 

Chicago  and  Northwestern  Railway. 

Do. 

Do. 


a  WlBconain  Oeologlcal  Survey  map*. 
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RITN-OFF. 


The  following  tables  showing  gago-height  obsen-ations  and  dischai^  measurenients  at 
Winneconnc  and  near  Northport,  on  Wolf  River,are  from  data  published  by  the  Unit«l 
States  Geological  Survey: 

Discharge  measurements  of  W elf  River  at  WinnejconrUj  Wis.j  in  190S. 


Date. 

Hydrographer. 

iS^t.i  ^^«^^^ 

January  5  « 

January  24  a. 

L.  R.  Stockman 

Feet.    5^cowd-/frt. 
5.50                  «M 

do 

5.30                1.436 

February  20 

do 

5.00  1             1,2^} 

March  24 

do 

6.60  1             9,998 

April  15 

do 

6.90  '             3,808 

May  11.  .     . 

.do.     . 

6.70                3,537 

June  20 

do 

6.40               3.194 

' 

o  River  frozen. 

Mean  daUy  gage  height y  in  feet^  of  Wolf  River  at  Winneconrutf  Wis.,  January  1  to  Jrd\f2o, 

1903^ 


Day. 

Jan. 

1 

5.50 

2 

5.50 

3 

5.50 

4                                                                

5.50 

6 

5.50 

6 

5.50 

7 

5.50 

8.              .                                                       

5.50 

g 

5.50 

10 

5.50 

11 

5.50 

12                                                     

5.50 

13 

5.50 

14 

5.50 

15 

5.50 

16 

5.50 

17 

5.50 

18 

5.40 

19 

5.40 

20                                                .         .                .    .. 

5.40 

21 

5.40 

22 

5.40 

23 

5.40 

24 

5.40 

25 

5.40 

26 

5.40 

27 

5.30 

28... 

5.30 

29 : ::.  : 

5.30 

30 

5.30 

5.30 

Feb. 

5.:iO 

5.30 

5.30 

5.20 

.5.20 

5.20  ! 

5.20  ' 

5.20  j 

5.20  ' 

5.10 

5.10 

5.10 

5.10 

5.10 

5.00 

5.00 

5.00 

5.00 

5.00 

5.00 

4.90 

4.90 

4.90 

4.90 

4.90 

4.80 

4.80 

4.80 


Mar. 

4.80 
4.80 
4.80 
4.80 
4.80 
4.90 
4.90  I 
4.90  I 
4.90  I 
5.00  ! 
5.00  I 
5.10 
5.2.') 
.1.30  I 
5.<iO  I 
5.70  1 
5.80  I 
5.90  , 
6.00  I 
6.20  , 

6.  .30  ; 

6.40  I 

6.50  ! 

6.60  ' 

6.70  I 

6.80  I 

6.90  j 

6.90  j 

6.90  I 
7.00 
7.10 


Apr. 


7.10 

7.20 

7.20 

7.10 

7.10 

7.10 

7.05 

6.90 

6.80 

6.95 

7.10 

7.00 

7.00 

6.90 

6.80 

6.85 

6.90 

6.80 

6.80 

6.75 

6.70  I 

6.80 

6.80 

6.80 

6.80 

6.80 

6.70 

6.70 

6.65 

6.60 


May. 

6.60 

6. 65.1 

6.70  I 

6.65  I 

6.60 

6.65 

6.70 

6.70 

6.70 

6.70 

6.80 

6.80 

6.80 

6.80 

6.80 

6.80 

6.80 

6.80 

6.80 

6.80 

6.80 

6.80 

6.80 

6.85 

6.90 

6.90 

7.05 

6.90 

7.00 

7.00 

7.00 


June. 

7.00 
7.00 
7.00 
6.90 
6.80 
6.80 
6.85 
6.80 
6.80 
6.80 
6.70 
6.70 
6.60 


6.60 
6.50  I 
6.  ,50  1 
6.45 
6.45 
6.40 
6.40  ' 
6.40  { 
6.30 
6.30  ' 
6.20  I 
6.20  I 
6.10  j 
6.10 
6.10 
6.10  I 


July. 

6.10 
6.10 
6.10 
6.10 
6.10 
6.10 
6.20 
6.20 
6.30 
6.30 
6.30 
6.30 
6.30 
6.30 
6.30 
6.» 
6.30 
6.40 

6.« 
6.« 
6.30 
6-30 

10 


6- 
6- 
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Discharge  meamtrenients  of  Wolf  River  near  Northport;  'Wis.,  in  1906. 


r)at<». 


April  5. . 
May  27. 
June  17. 


Hydrographer. 


July  15 do 


F.  W.Hanna.. 
8.  K.Clapp.... 
M.  S.  Brennan. 


August  16 

September  22 . 


..do 

.  W.  Hanna. 


«'<"»•   ^l?on' 


Feet, 
182 
171 
151 
176 
176 
172 


Square 
feet. 

2,642 

2,196 

2,553 

2,300 

2,053 

1,978 


Mean 
velocity. 


Feet  per 
second. 

2.64 

1.8 

1.97 

1.69 

1.26 

1.41 


Gage 
height. 


Feet. 
7.03 
4.65 
6.42 
5.06 
3.01 
3.6 


Dis- 
charge. 

Second- 
feet. 

6,965 

3,964 

5,032 

3,886 

2,504 

2,781 


I 


Mean  daily  gage  height,  in  feet,  of  Wolf  River  near  North-port,  Wis.,  April  6  to  December 

SO,  1905. 


Day. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1..                      

3.40 
3.60 
3.80 
4.00 
4.20 
4.40 

6.00 
5.00 
5.00 
4.90 
4.60 
5.60 

3.30 
3.00 
3.40 
3.60 
3.80 
3.30 

2.00 
2.30 
2.20 
2.10 
2.30 
2.20 

1.60 
2.40 
2.60 
2.20 
3.10 
3.40 

1.65 
1.40 
1.35 
1.30 
1.15 
1.10 

1.30 
1.40 
1.50 
1.60 
1.70 
1.95 

1.70 

2                                                 1 

1.60 

3                                                 

1.40 

4.                      

1.50 

5 

1.60 

6 

6.90 

1.76 

7 

6.80 

4.60 

5.40 

4.30 

2.40 

3.60 

.90 

2.10 

1.80 

8.                  

6.70 
6.  GO 
6.50 

4.80 
4.80 
5.00 

5.30 
5.80 
5.80 

4.  GO 
4.60 
4.90 

2.90 
3.30 
4.00 

3.30 
3.40 
3.60 

.85 
.70 
.65 

2.30 
2.50 
2.70 

1.90 

9 

2.10 

10 

2.00 

11 

6.40 

5.00 

5.80 

5.00 

3.50 

3.80 

.60 

2.60 

1.90 

12 

6.30 

5.20 

5.90 

5.20 

3.60 

3.50 

.50 

2.40 

1.96 

13 

6.10 

5.60 

6.10 

5.10 

3.60 

2.80 

.36 

2.30 

1.80 

14 

6.00 

5.80 

6.40 

5.10 

3.00 

2.50 

.10 

2.20 

1.60 

15 

5.80 

5.60 

6.40 

4.90 

aoo 

2.70 

.25 

2.10 

1.40 

16 

5.  GO 

5.50 

6.60 

4.20 

3.50 

2.90 

.40 

1.80 

1.20 

17 

5.50 

5.30 

6.60 

4.60 

3.50 

2.80 

.75 

1.50 

1.20 

18 

5.20 

5.30 

6.40 

4.30 

3.30 

3.00 

.90 

1.40 

1.10 

5.20 

5.20 

6.40 

4.80 

3.20 

3.40 

1.15 

1.30 

1.00 

20 

4.90 

5.00 

6.20 

4.60 

3.00 

1.50 

1.20 

1.00 

21 

4.80 

4.80 

0.00 

4.45 

2.80 

2.90 

2.20 

1.10 

1.00 

22 

4.80 

4.60 

5.80 

4.20 

2.40 

2.80 

2.60 

1.00 

1.00 

23 

4.30 

4.60 

5.  CO 

4.10 

2.50 

3.70 

2.90 

.90 

.90 

24 

4.10 

4.80 

5.30 

4.00 

2.30 

3.60 

3.20 

.80 

.90 

25 

4.00 

5.00 

5.10 

3.30 

2.00 

3.40 

3.40 

.GO 

.75 

26 

3.80 

5.00 

4.70 

3.60 

1.80 

3.25 

3.30 

.40 

.GO 

27 

3.60 

4.60 

4.40 

2.80 

l.GO 

3.10 

3.20 

.20 

.50 

28            

3.30 
3.50 
3.40 

4.30 
5.40 
5.60 
5.80 

4.00 
3.80 
3.50 

2.50 
2.30 
2.20 
2.00 

1.40 
1.20 
1.10 
1.00 

2.90 

2.75 

1      2.35 

1 

3.00 
2.10 
2.30 
2.00 

1 

1        .80 
1.90 

.50 

29 

40 

30 

40 

31 

i 
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TRIBtTTARIES   OF    WOLF   RIVER. 

The  lower  part  of  the  Wolf  River  drainage  area  is  more  thickly  settled  than  the  upper, 
and  as  a  result  the  tributaries  which  occupy  this  lower  portion  are  rather  fully  developed.  Tliis 
is  especially  true  of  Embarrass,  Little  Wolf,  and  Waupaca  rivers. 

AVATER  POWERS. 

The  following  table  shows  the  water  powers  on  Wolf  River  and  its  tributaries: 

Water  powers  on  Wcif  River  and  its  trib^Uaries. 


Location  and  stream. 


Owner  and  use. 


'  Head.  ,  H.  P. 


-|- 


Feet. 


Manowa,  sec.  15, T.  23  N.,  R.  13  E.,  Little  Wolf 
River. 

LIttlewolf,  see.  34.  T.  23  N.,  R.  13  E.,  Little 
Wolf  River. 

Scandinuvia,  south  branch  Little  Wolf  River . . 

S€C.  22,  T.  23  N. ,  R.  11  E,  south  branch  of  Littl« 
Wolf  River. 

Phlox,  sec.  26,  T.  30  N.,  R.  12  E.,  Red  River 

Mount  Morris,  sec.  16,  T.  19  N.,  R.  11  E.,  Rattle- 
snake Creek. 

Wittenberg, sec.  10, T. 27  N.,R.U  E.,  Embar- 
rass River. 

North  branch  of  Embarrass  River 

Sec.  7,  T.  26  N.,  R.  13  E.,  Embarrass  River  . .. 

Embarrass,  sec.  6,T.  25  N.,  R.  15  E.,  Embarrass 
River. 

Sec.  23,  T .  26  N .,  R .  13  E. ,  middle  branch  of  E  m- 
barrass  River. 

Sec.  15,T.27  N.,  R.  15  E,  north  branch  of  Em- 
barrass River. 

Sec.  23,  T.  28  N.,R.  12  E.,  north  branch  of  Em- 
barrass River. 


Little  Wolf  River  Lumber  Co.,  grist,  | 
lumber,  electric  light. 

Booth  dc  Smith, grist,  lumber, electric  i 
light.  I 

Henry  Peterson,  feed  mill 

J.  I.  Wralstatt,  feed  mill 


'I 


J .  Kaufman,  saw  and  planing  mill 

Wm.  Kemp,  grist  mill 


Viking  Lumber  Co.,  sawmill  . 


N.  M.  Edwards,  sawmill 

N.  M.  Edwards,  undeveloped. 

Decker  &  Beedle,  lumber  and  planing 
mill. 

Theo.  Boettner,  flouring  mill 

Seil)er  A  Dumke,  sawmill 


L.  A.  Weikel.  saw,  planing,  and  feed 
mill. 


Pilla,  sec.  9, 
River. 


T.  26  N.,  R.  14  E..  Embarrass  '  Grosskopt,  »aw  and  planing  mill. 


Sec.  9,  T.  27  N.,R.  12  E.,  middle  branch  of  Em- 
barrass River. 

Waupaca,  sec.  32,  T.  22  N.,  K.  12  E.,  Crystal 
River. 


Waupaca, sec. 20,  T.  22  N.,  R.  12  E., 
River. 

City  of  Waupaca,  Waupaca  River.. 
Do 


Waupaca 


Sherman,  si-c.  18,  T.22  N.,U.ll  E„  Waui>aca 
River. 

WeyauwegH,  sec.  4,  T.  21  N.,  K.  13  E.,  Waupaca 
River. 

Waupaca,  Waiii)tica  River 

Amherst.  Spring  Cr-eek 

Rural,  »•€.  10,  T.  21  X.,  K.  11  E.,  .VrborCreek.. . 

CJi-c'sham,  s<^.  3,  T.  27  N.,  R.  14  K.,  Rod  River. . . 

Sec.  ti,  T.  27N.,  K.  lo  E,  Red  River 

,  R.  14  E.,  Red  River 

,  R.  14  K..  Red  River 

R.  10  E.,  Little  Wolf  River.. 
Sec.  7.  T.  Z'y  \..  R.  IJ  E.,  Little  Wolf  River  .. . 
Sec. .-),  T.  24  N..  R.  \'.\  E.,  Little  Wolf  River  ... 

Sec.  9,  T. ;«  N..  R.  12  E.,  Wolf  River 

Sec.  34,  T.  33  N.,  R.  13  E.,  Wolf  River 

Sec.  10,  T.  31N.,  R.  J4  E.,  Wolf  River 

Sec.  25,  T.  31  N.,  R.  14  E.,  Wolf  River 


BuckstafT  Lumber  Co.,  power  house 
burned. 

Waupaca  woolen  mills 

A .  (J .  Nelson,  planing  and  grist  mill. . . 


Electric  Light  Co 

Undeveloped 

Brooks  A  Root,  flouring  mill. 


Sec.  19.  T.  27  N., 
Sec.  18,  T.  28  .\., 
Sec.  15,  T.  2f)X., 


Wood  Ounnard,  flour,  planing,  and 
electric  light. 

C.  O urines,  brick  manufacture 

N.  Howard,  feed  mill 

J.  Ashraun,  flouring  and  saw  mill 

A.  G.  Schmidt,  sawmill 

Undeveloi)e(l 

do 

do 

Little  Wolf  River  Lumber  Co.,  logging 

do 

do 


Used  for  logging. 

....do 

....do 

....do 


8  > 

9| 


8 

m 

9 

300 

13 

m 

16 

116 

13 

fl 

10 

8 

35 

6i 

65 

18 
15 

20 


100 

480 

50 
» 
96 
100 
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WISCONSIN   RIVER   SYSTEM. 

TOPOGRAPHY   AND   DRAINAGE. 

^  of  its  length,  its  great  drainage  area,  and  its  central  location  Wisconsin  River  is 
itly  the  main  river  of  the  State. 

e  Flambeau,  the  headwaters  of  Wisconsin  River  arc  found  in  an  intricate  network 
nd  swamps  occupying  the  flat  plateau  region  near  the  northern  boundary.  Its 
Durce  is  found  in  Lake  Vieux  Desert,  a  body  of  water  about  10  square  miles  on  the 
ating  the  northern  peninsula  of  Michigan  from  Wisconsin,  at  about  1,650  feet 
level.  The  general  course  of  the  river  for  the  first  300  miles  is  south.  At  a  point 
ige  it  turns  abruptly  westward,  and  in  the  next  100  miles  flows  nearly  west,  joining 
ti  River  at  Prairie  du  Chien,  only  40  miles  from  the  southern  boundary  of  the  State, 
linage  basin  includes  12,280  square  miles,  with  an  average  width  of  50  miles  and  a 
about  225  miles.  The  apportionment  of  this  drainage  area  among  the  several 
s  of  Wisco&sin  River  is  shown  in  the  following  table : 

Distances  and  drainage  areas  of  Wisconsin  River. 


Rlver.« 

Dlati 

From 
source. 

ince. 

Bet\ 
stati 

Mi 

ireen 
ona. 

Us. 

60 

0 

25 

28 

23 

0 

2 

20 

0 

8 

18 

64 

0 

11 

3;* 

115 

Drainage 

area 

above 

station. 

ove  mouth 

MiUs. 

8q.  matn, 
940 

3Uth    . 



1,202 
2,111 
2,697 
3,192 
3,690 
4,114 
4,268 
4,645 

85 
113 

mouth 

1 

13H 
138 

,  above  mouth 

',  mouth 

158 
166 
184 

Pleine 

5.005 

6,300 
6,448 

ove  mouth 

)uth 

248 
250 
292 
407 

7.^ 
8,172 
9,095 
12,280 

o  Station  is  at  mouth  of  river  unless  otherwise  state*!. 

?  of  its  long  traverse  from  the  extreme  northern  to  tht^  <*xtreme  southwestern  part 
isin  the  topography  of  the  basin  includes  nearly  every  form  found  in  the  State, 
upper  Chippewa  Valley,  the  northern  half  is  a  densely  wooded  region  of  hard  and 
er  except  where  cleared  for  farming.  The  woods  gradually  give  way  to  a  semi- 
^on  with  a  gently  undulating  surface,  but  with  occasional  decided  ridges  both  of 
glacial  origin.  A  very  striking  surface  feature  toward  the  southern  part  is  found 
araboo  quartzite"  ranges,  which  have  an  elevation  of  from  400  to  700  feet  alx)ve  the 
ng  country.  These  ranges  oomprisi'  two  main  ridges  fn)rn  4  to  6  miles  apart, 
J  nearly  east  and  west  in  the  section  of  country  west  of  Portage  for  about  25  miles, 
ig  and  ending  abruptly  on  the  west  side  of  the  valley,  near  Portage.  The  angle  of 
it  this  point  seems  due  to  its  effort  to  secure  a  passage  an)und  this  nn'k  barrier. 
:h  a  portion  of  the  city  of  Portagi*  and  southward,  the  river  can  hardly  be  said  to 
astern  divide.  Fox  River  appnmches  within  I  \  miles  of  the  Wisconsin  at  this  point, 
w  marsh  intervening.  Even  this  nmrsh  has  a  slop<'  of  about  3  feet  toward  Fox 
U  the  present  time  levees  at  this  and  other  points  prevent  the  Wisconsin  at  times 
ater  from  overflowing  into  Fox  \W\vv.  Tliese  levees  for  a  distance  of  several  miles 
le  river  to  flow  along  the  contour  instead  of  in  the  direction  of  maximvuxv.  %\»^« 
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The  reasons  for  this  and  other  pecuHaritics  of  its  valley  are  interestingly  discussed  in  Geob^ 
of  Wisconsin,  (vol.  3): 

It  is  evident  that  such  an  uncertain  divide  as  this  can  not  have  formed  one  of  the  original  penn&iu^ 
features  of  the  drainage  of  the  region,  but  as  the  disposition  of  the  surface  soil  is  due  to  glacial  aetka, 
modified  by  subsequent  erosion  and  transportation,  this  may  be  fairly  attributed  to  such  acansr.  Thi 
rampart  of  limestone  which  compels  the  lower  Wisconsin  to  flow  west  does  not  stop  south  of  VorUfi, 
but  continues  east  and  north,  although  less  prominent,  forming  an  eastern  l>arrier  to  the  flow  of  tb 
Wolf  River.     Thecourse  of  the  upper  Fox  to  Lake  Winnebago  is  sluggish,  consisting  largely  of  msrdM 
and  lake-like  expansions.    On  account  of  the  depression  of  the  divide  at  Portage,  the  continuation  of  tlif 
southern  barrier  northeast,  the  small  slope  of  the  upper  Fox,  the  large  trough  of  the  Wisconsin  briw 
Portage,  which  it  is  unable  to  occupy,  while  above  the  river  is  more  nearly  in  proportion  to  ilschamai 
of  drainage,  and  finally  the  evidently  mo<lem  outlet  for  the  Wolf  and  the  upper  Fox  through  thelottf 
Fox— the  conclusion  is  reasonable,  if  not  inevitable,  that  at  one  time  the  Lake  Winnebago  s)it«a 
drained  southwest  into  the  Mississippi  and  the  Wolf  was  the  true  continuation  of  the  Wi9con«n«bore 
Portage,  while  the  present  upper  Wisconsin  was  merely  a  tributary  of  the  main  stream. 

LAKE    ELEVATIONS   ANI>    RESERVOIR   SITES. 

Attention  has  olscwhero  been  called  (p.  15)  to  the  opportunity  of  increasing  the  lot- 
water  flow  of  the  northern  rivers  by  the  construction  of  dams  near  the  headwaters  forusf » 
reservoirs.  The  opportunity  for  such  a  system  on  Wisconsin  River  is  especially  good, 
because  the  ownership  of  the  lands  to  be  flooded  is  in  the  hands  of  a  comparatively  fet 
corporations  and  a  beginning  has  already  been  made.  For  example,  a  well-built  dam  at  tin 
foot  of  the  Tomahawk  chain  of  lakes,  which  impounds  water  covering  many  square  miles oi 
reservoir,  has  been  used  for  several  years  to  regulate  the  stage  of  the  river  for  the  mills 
below  the  mouth  of  the  Tomahawk.  In  scores  of  cases  the  dams  are  already  constnicwi 
for  logging  purposes  and  need  only  to  be  kept  in  repair  to  bo  of  service  for  power  regulitioD 
when  they  are  no  longer  needed  for  their  original  purpose,  as  will  soon  be  the  case. 

It  has  been  proposed  to  build  or  maintain  dams  at  the  following  points:  Lake  VieiU 
Desert,  sec.  17,  T.  42  N.,  R.  U  E.:  Twin  Lakes,  sec.  19,  T.  41  N.,  R.  11  E.;  Eagle  h^ 
8ec.31,T.40N.,R.  lOE.;  SugarcampLakes,  sec  17,T.  39  N.,  R.  9E.;  BuckaUban  Lak^, 
sec.  24,  T.  41  N.,R.9E.;  Little  St.  Germain  Lake,  sec.  2,  T.  39  N.,  R.  8  E.;  Big  St.  Geniiai» 
Lake,  sec.  18,  T.  39  N.,  R.  8  E. 

At  many  if  not  most  of  the  larger  lakes  near  tlu^  headwaters,  logging  companies  have  ]ot4> 
maintained  dams,  which  some  day  will  ser\'e  the  double  puq)ose  of  reservoirs  and  sourws  <^ 
power.  A  list  of  some  of  these  lakes,  together  with  their  elevation  above  the  sea,  as  det^^ 
mined  by  United  States  engineers,  is  given  in  the  following  table: 

IjakfH  at  htadxoaters  tributary  to  Wisconsin  Ritvr. 

I  |EleTati<>«» 

Name  of  lake.  '  At  headwtitpr.s  of—  abore 

!  sea  l«vrl' 


i  I  Feet. 

Kagle KhrIo  Kivor ;  1,582-  ^ 

Catfish do '  1,5©.  ^ 

CranlM>rry ' do '  1,583-  ^ 

Long do 1,592.  2 

Planting  Ground ' do 1,582.  -• 

Fish do 1.592.3 

Modicino do 1.592. 2 

Stone do 1,592.2 

Dog do 1,592. 2 

Big do 1,592.2 

Ppllean 1  Pelican  Uiwr 1,590-0 

Tomahawk |  Tomahawk  Riv«M- 1,562.2 

Island do 1,560-* 

Keawa.««ogan do I,.'i60-* 

Mud I do 1, 553-  * 

Squirrel ! do 1,543-^ 
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The  following  table  a  gives  dimensions  and  other  data  of  eight  reservoir  sites  surveyed  by 
lit-ed  StatTs  engineers  as  an  aid  to  navigation  on  Mississippi  River: 

Proposed  United  State*  Government  reservoirs  on  Wisconsin  River. 


Name. 


Location. 


S  I 


c 


elican 

ugarcarap. . . 
>tter  rapids. . 
'omahawk . . . 

qiiirrfl 

lice 

rieux  Desert, 
rwin  Lakes . . 


6 

'i- 

36 

1     , 

1 

a 

17 
19 

i 


;  39  N 

38  N 

I  35N 

I  42  N 

41  N 


.1  9E. 
.1  9E. 


36N.    9E  .. 

39N 

40N 

6E  .. 

5E. 

6E  . 

11  E 

HE 


i        "^ 


>  ^a 

Feet. 
1,520.83  ' 
1,5«2.00  I 
1,578.07  I 
1.554.67  i 
1,521.78  1 


Maximum  dimensions. 


Reservoir. 


Dam.        I       Dike. 


r 


s 

Feet. 
800 
235 

1.300 
190 
315 

1,100 


a 


Feet.  I  Feet. 


I  , 


28 

12.5 

22 

12 

17 

14 


I  3,625 
i      260 

I   ™ 


u 

» 

Feet. 
15 
4 
5 


I   I  I 


I 


I 


I 


'  Sq.mi. 
1  13.45 
I  5.00 
I  30.74 
'  13.46 
'    5.30 

6.00 
j     7.00 

6.50 


Cubic  feet. 
5,153,180,527 
1,356,284,160 
7,389,727,488 
2.226.113,086 
1.338,163.200 
1.043.516,880 
400,000,000 
650.000.000 


s 


8q.  mi. 
301.0 

60.0 
447.0 
101.5 

56.0 
396.0 

19.0 

30.0 


87.45    19,556,985,291      1,410.5 


I 


Subsequent  to  this  report  two  of  the.se  dams,  at  Rhinelander  (Pelican)  and  Tomahawk, 
lave  been  constructed  by  private  enterprise  for  power  purposes;  several  others  have  been 
'onstruct^d  with  reduced  heads.  It  will  be  noted  that  the  proposed  Government  reser- 
i^oirs  have  a  total  area  of  87.45  square  miles  and  a  drainage  area  of  1,410^  square  miles. 
It  was  proposed  to  fill  the  reservoirs  during  the  spring  freshets  and  then  allow  the  water  to 
scape  at  times  of  low  water.  The  United  States  engineers  estimated  that  these  reservoirs 
^'ould  maintain  a  flow  of  3,000  second-feet  for  three  months  of  the  year.  Such  a  flow  would 
learly  double  the  present  low-water  flow  of  the  river  and  its  resulting  water  power.  Inci- 
^ntally  the  use  of  such  reservoirs  would  to  a  large  extent  serve  to  reduce  the  dangers  of 
iRh  floods,  lK)th  to  dams  and  to  overflowed  lands.  It  would,  in  fact,  tend  to  restore  the 
•Rimen  of  the  river  to  that  which  it  possessed  l^efore  deforesting  and  cultivation  began 
>  transform  a  great  primeval  forest  region  into  cleared  and  well-cultivated  fields. 

PROFILE. 

According  to  the  United  States  engineers,  the  elevation  of  Lake  Vieux  Desert  is  about 
650  feet,  while  the  elevation  of  the  mouth  of  Wisconsin  River  at  Prairie  du  Chten  is  604 
^t  at  low  wat^r  or  625  feet  at  high  water.  This  gives  a  total  descent  of  about  1,046  feet 
*  an  estimated  length  of  429  miles,  or  al)out  2J  feet  per  mile.  About  634  feet  of  this  fall 
ccur  in  the  150  miles  between  Rhinelander  and  NekoOvSa,  an  average  of  4.23  feet  per  mile. 
'bis  descent  is  concentrated  at  many  places,  producing  a  large  number  of  valuable  water 
wwers,  many  of  which  have  been  improved  and  u.sed  by  important  industries. 

The  fall  in  the  main  tributaries  is  even  greater  in  many  cases  than  that  in  the  parent 
stream,  and  owing  to  this  fact,  and  also  to  the  absence  of  lakes  and  swamps,  it  is  likely 
that  their  discharge  is  subject  to  great  extremes. 


a  Rept.  Chief  Eng.  U.  8.  Amiy,  1880,  p.  1655. 
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A  statement  in  detail  of  the  profile  of  Wisconsin  River  is  given  in  the  following  Ubk: 
Profile  of  Wisconsin  River  jrom  its  mouth  to  Lake  Vieux  Deseri.a 


No. 


guy^n. 


MouiU  of  river  - , , 

Sank  City, „...„.. ,.. 

MerrJumc. . .,,,.,..,.,»,««,..,...,,«.  ^ , 

PorUgB 

KUl>ourii,  nOJpottd  bridfiie 

Sec. 36,  T.  1,1  N.,  R.ri  K.,  north  Urw,. „,...,..... 

PeterweLI  bridge,  Q^iposLta  Neceduh .... 

NekooEsa  dum: 

Bdow.. 

Above,,.,.... ., 

Port  Edward*  dam: 

BbIow ., 

Above 

Soutb  Contralift  diun: 

Below....... ...... -.^..^..,,.,.....^.,,,^,__ 

Above 

OrAnd  RHpidi  d»ro: 

Below*  _.. ,, ,.,,,,,, 

Above . . . . .,....„. ,.*..*...,.*. 

Biron  dam: 

Bdow.,„. 

Above . , , , , , . 

Lower  paper  mill  south  of  Steveiw  Folot: 

Below. 

AboTe .,...,... 

Upper  paper  mill  ffouth  of  s^teveoii  I'olnl: 

fielow, ,,,,.. ....*...,, 

.\Ik>to.  ,...*..,..,....,*. ,+4. 

Sttvena  Point,  Wtaconftln  Central  bridge ...,,,., 

Stec.aa,T.:j4N..  B,r  k ._ 

Chicago,  Hllwuiilcw  And  St. 


XHit^DOc 


From 
mouth. 


Between 
polutH. 


MiUs. 


MiU». 


IQS.O  < 
118.0  I 
138.0  I 
147. 0 
174.0 

206.  D 


2U.Q 


2lfi.5 


239,  J 


•^LM 


1133.5 


240.  n 


KoowHon  hrtdjieG 
Pftul  K  wj ...,...,.,.,,-...,_,,.., , , 

25  '  Sec.  8,  T.  SON.,  n.  7  E 

26  i  Sec.31,  T.  27N.,  R.  7  K.,  south  line 

27  I  Mosinee    rapids,  foot,  sec.  29,  T.  27  N.,  K.  7  K 
I      south  line 

28  i  Mosinee  dam,  above 


29  Black  Creek,  mouth  of 

30  j  Cedar  Creek,  mouth  of 

31  I  Eau  Claire  River,  mouth  of. 

32  '  Rib  River,  mouth  of 


33  j  Lower  Wausau  bridge . 
I  Wausau  dam: 

34  I         Below 

35  '         Above 

Brokaw  dam: 

36  Foot 

37  Crest 


90,0 
13.0 
10.0 
30. 0 
0.0 
27.0 

34.0 


l.« 


2.  A 


4.0 


12.5 


2.5 
4.0 


twnapotetL 


Etevft- 
tlofl     . 

abow    ,  \ 

tGA  Icvfii.   TotiL 


hi 

I  mk, 


0D4.0 
748.0 
7^4.0 
700.0 
S14.0 
S33.0 
S7fi.3 

918.9 

938.5 
055.5 

1, 00^.0 

1,005.5 
1,0111.3 

1,092.4 
1,044.0 

1,045.5 

uoes.s  I 

1,0^6.8 

l,0n2-2 
1,097.4 
1,104.0 

1,105.8 
1,124.6 
*1, 125.9 
1.130.6 
1.138.6 
1.142.8 
1,151.0 

1.171.0 
1,177.7 

1,182.7 
1,194.7 


1— 


I 


lfi.O| 
10| 

ma 

34.0 

e~ 

17.7 

l.» 
17.0 

l.S 

110 

ia.£ 

21.2 

IS 
10.  B 

lis  I 

ILB 

U 
13J 

4.0 
13.0 

l«.^ 

5.2 
6.6 

1.8 
18.8 
1.3 
4.7 
8.0 
4.2 
8.2 

20.0  j 
6.7, 


I 


4.0 

It 

V 

1.5   ' 

l.» 

.9 

37.6 

.3 

1.34 
1.6 
2.8 
3.3 

40.0 


5.01 
12.0  .. 


o  Authority:  Nos.  1  (low- water  elevation)  and  53-57,  United  States  cnpineora;  2  and  3,  Major  ^^  »[rg' 
4-35,  Wisconsin  water-power  survey  by  the  U.  S.  G.  .s.  and  State  luithorities:  36-52,  levels  run  hy^  \w' 
Pride  in  1900  for  the  Wisconsin  River  Valley  Advancement  Association;  56,  Chicago  and  NO"" 
western  Ry. 


WOLF   BIYEB   SYSTEM.  67 

Wisconsin  River  from  its  mouth  to  Lake  Vieux  Desert — Continued. 


Station. 


Descent  be- 
tween pointa. 


am,  foot 
am,  crest 
tn,  crest 
ids.  foot 
"apids,  foot 
ibove,  head 
rapids,  foot 


)ids,  head 

>ot 

iam: 


head 

S..  R.  10  E 
:.,  R.  10  E. 
tescrt 


1.464.8 
1,477.4  I 

,523.2  j 
,,'>53.2  i 
1,570.7 
l,.'i92.7 
1.644.0  ' 
1.650.0 


rotal. 

Per 
mile. 

Feel. 

Feet. 

18.0 

2.0 

2.0 

.33 

13.0 

6.0 

6.0 

12.0 

1.3 

26.5 

6.6 

89.5 

6.0 

9.0 

5.3 

39.0 

7.1 

3.0 

1.5 

13.0 

23.7 

1.48 

15.4 

7.7 

12.6 

2;  5 

45.8 

7.6 

30.0 

17.5 

.     .5 

22.0 

2.2 

51.3 

3.66 

+  6.0 

.6 

GEOI^OGY. 

f  the  Wisconsin  River  basin  above  Nekoosa,  including  over  half  the  entire 
erlain  by  pre-Cambrian  rocks.  North  of  Morrill  this  region  has  been 
J  by  drift  that  the  rock  rarely  outcrops  except  in  the  river  bed.  These 
ting  a  barrier  to  further  erosion,  cause  numerous  rapids;  in  fact,  all  the 
ith  but  a  .single  exception, o  are  found  in  the  pre-C'ambrian  area.  Below 
Cambrian  rocks  give  way  to  the  softer  Cambrian  sandstone,  the  diaintegra- 
made  the  Ijed  of  the  river  one  succession  of  shifting  sandbars,  almost  with- 
to  its  mouth.  North  of  Nekoosa  this  sandy  bt^lt  rapidly  narrows  and, 
Ics  above,  almost  entirely  disappea!*s,  iM'ing  replaced  by  the  clayey  loams 
North  of  Tomahawk  the  clnys  are  replaced  again  by  sandy  soils  contain- 
r  bowlders  and  glacial  drift.*'  In  the  (M)  miles  below  the  city  of  Tomahawk 
f  Wisconsin  River  flow  mainly  through  a  clayey-loam  soil,  except  for  a 
acent  to  the  main  stream,  where,  as  before  stated,  the  sandy  soil  pre- 

RAVXFALI.  AND   HI  N-OFF. 

ates  Geological  Survey  has  maintained  Regular  gaging  stations  at  Ntjedah 
Noveml)er,  1002.  As  (he  rainfall  dnnng  19(M  was  very  clos<»  to  the  average 
pa.st  thirty  years,  (he  run-ofF  data  for  this  year  are  especially  valuable. 

oKilbouni,  in  tho  Ciiiiibriiin  siiii<lst<»iu'. 

'•Weidniun,  Sainuol.  Wis.  CvtA.  Nut.  Hist.  Survi-y.  Bull.  11,  pi.  1. 
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Rainfall  records  for  this  drainage  area  are  given  elsewhere  in  this  report.    Th 
tables  give  the  run-off  data: 

Discharge  measurtmtnis  of  Wiscomnn  River  near  Necedah,  Ww.,  in  1902 ^  1903 ^  190. 

'  Area  of 


Date. 


19Q2. 
I>eoeniber2.. 
December  23. 


1903. 
January  13*. 
February  5o. 

March  5  a 

March  26 

April2 

April  28 

June  12 

July? 

August  19 

Septeml)er  4 . 
October  12... 

1904. 
January  12  a. 
May  a 


Hydrographcr. 


wi<i4^K     Ate*  ui  1     Mean     i   G, 
>M<itn.i  Bcctlon.  'velocity,   hei 


Feet.   I 


Square 
feet. 


Feet  per  ' 
second.  , 


L.  R.  Stockman. 
....do 


.do. 
.do. 
.do. 


280, 

284  j 
284  I 


Johnson  and  Stockman. 

L.  R.  Stockman 

....do 

....do 

....do 

....do 

....do 

....do 


£.  Johnson,  jr. 
....do 


May  23 '  Johnson  and  Hanna. 

July  16 1  K.Johnson,  jr 

September  21 do 


October  14 1  F.  W.  Hanna .. . 

1905.  i 

April  4 j  S.  K.Clapp 

May  25 do 

Juno  12 '  M.  L.  Brennon. 

August  9 do 


220 
309  I 
281  I 

316  I 
302  , 
276  I 
314 

I 
286  ' 

317  I 
314 
294  ' 
294 


2,617 
2,360 
2,411 
5,405 
4,206 
3,860 
3.282 
4,708 
2,832 
2.463 
3.871 

2,031  I 
4,685 
3,717 
3,525  I 
1.823  I 
6.216  I 


I 


317  , 

437 

314 


I 
.%777  1 

4,437  I 

6,017  I 

3,846  1 


1.18 

1.26 

1.00 

3.94 

2.42 

1.84' 

1.79, 

4.43 

2.46 

2.05 

3.23  ; 

1.33 
3.65 
2.67 
1.66  i      . 

2.06  I 
5.71  I    i; 

1 

5.07  I    i: 
3.23  I 
4.99  I    l: 

2.4    i      . 


Note.— Width  is  the  actual  width  of  water  surface,  not  inchiding  piers.    Area  of  s 
total  area  of  the  measured  section,  including  both  moving  and  still  water. 

o  Frozen.  t>  Add  to  this  discharge  3,()00  second-feet  overflow. 

Mean  daily  gage  height,  in  fret,  of  Wisconsin  River  ne/ir  Neadoh,  Wis.j  Decembei 

December  SI,  1005. 


1902. 

HK)3. 

Day 

,  Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

1 

5.90 

5. 75 
5.  70 

5.75 
5.60 

7.70 
7. 55 

6.  li.") 
8.30 

10.  -M 

O.S.'i 

4.70 
4.00 

4.80 
4.95 

5.20 
5.50 

7.10 

2 

4.90 

5.90 

a6o 

3 

4.a'> 

5.80 

5.90 

5.85 

7.3.''. 

9.a^. 

8.^ 

7.70 

4.75 

5.40 

6.80 

4 

.     ..    5.10 

5.  75 
5.60 

5.80 
5.75 

5.80 
5.75 

7.50 
7.40 

0.75 
9.95 

8. 15 
7.00 

8.90 
It).  10 

4.80 
4.8.=) 

5.30 
5.30 

&80 

5 

4.85 

7.05 

G 

4.75 

5.70 

5.90 

5.80 

7.  25 

10.15 

7.40 

10.00 

5.  Cx, 

5.40 

8.30 

- 

4.70 

5.  O.'') 
5.  4.'> 
5.  (lO 

5.  SO 
5.  70 

5.  no 

5.90 
5.  TiO 
5. 50 

7. 15 
7.20 
7.10 

10. 05 
0.70 
9.30 

7.  15 
Vk  Cm 

10.  m 
10.  (W 
9.70 

7.  75 
8.00 

5.  60 
0. 10 
(110 

9.05 

M 

..      4.30 

8.95 

9 

4..S.5 

9.15 

10 

5  Z'i 

5.  W 
5.  45 
5.50 

5.  SO 
5.  75 
5.  6.') 

0. 2.'-. 
6.40 

7.  a-) 

7.2.') 
7. 05 
6.90 

8.  SO 
S.2.-. 
8. 15 

6.  .  M 

6.  20 
6.00 

8.40 
7.K0 
7.  .50 

7.70 
7.  .W 
7.20 

a  80 
7.30 
7.30 

9  80 

11 

5  20 

9.80 

12 

5.40 

9.35 

13 

5.25 

5.  65 

5.90 

7.65 

6.80 

8.45 

6.  15 

7.10 

6.90 

7.20 

8.90 

14 

5.30 

5.75 

5.80 

6.75 

a75 

9.0ry 

5.8,-) 

a  70 

6.70 

8.60 

&30 

a  River  frozen  December  13  to  31. 
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^tan  daily  gage  hei^f  in  fteifCf  Wisconnn  River  near  Necedah,  TTw.,  December  £,  190£, 
to  December  31,  7905— Continued. 


Dmy. 

Dec. 

Jitl. 

F.b. 

Hur.    Apr. 

U.y. 

Juno. 

July.  |Aug. 

Sept. 

Oct. 

Nt»¥. 

Deo. 

iS. 

7.30     &«0 
7,75     &05 

o.ao 
lajo 

5.710 
5.41 

0.5.5     a70 
fk  2.5  '  a  40 

10.90 
1Z50 

7.BS 

5.a^ 
a  2.5 

4.50 

m. ^.„_, 

140 

Jr._„.,_ 

465 

5.05 

465 

a36     LIO 

9.9b 

5.35 

OlOo  I  a30 

ia.40 

7.55 

5.35 

100 

J*- 

^ao 

^55 

ILSS 

aTO     7.2.1 

Bl35 

5.60 

a.  10     440 

tlflO 

7.25 

ISO 

140 

19 .„.„.,. 

^w 

^45 

5,7A 

&aa  '  7.10 

avo 

5,<5 

5.0O   ato 

14.60 

ao6    140 

130 

ao_, ,„. 

^4& 

47S 

S,710 

laoa   a, BO 

aao 

.-5.25 

iLOq    a70 

lieu 

7.00 

aoo 

£.00 

21...  .- , 

S.30 

y«5 

S.7<J 

11. «     1L50 

7.M 

6.1A 

ii90  ;  R.m 

USD 

«.«£ 

a  10 

tm 

22.  _ 

3.% 

S.i5 

^m 

1Z710  ;  ClSb 

7.90 

4.W 

5.00]  5.40 

12.70 

a55 

4  05 

190 

23 

5.00 

&80 

5,55 
5.70 

1155    asft 
13.iB    fl.ao 

7.75 
7.46 

.^20 

5. «  1  .1 10 

5v2o '  aio 

11.40 

lafio 

^40 
«.40 

4.«6 

a2o 

IDO 

24,^ 

180 

2S 

&«» 

5.80 

5.(1§ 

1L80  '  &05 

7,35 

170 

a30     5.40 

aw 

4L30 

a3o 

170 

36..  -  ,...,._,.. 

aao 

aaa 

5.fiS 

Id  W     6^  10 

7.60 

1.B0 

.lao  1  5.20 

aio 

&  10  1  .5. 05 

170 

2r.-__ 

S.W 

5.  as 

LtQ 

MK05  '<i35 

S.0O 

i-6 

5.00     5,30 

1  ai5 

^06  '5,00 

190 

t»..,  ., ,,.. 

A.  70 

Lm 

Bi35 .  aso 
ass  '  aas 

aTO 

180 
170 

.-i^lO     5.30 
5.00     ^2Q 

7.«i 
7.05 

&95     5.15 
fi^DO|  5.00 

180 

»,--_.. ,„ 

190 

» 

GlSD  1  jtm 

1  aoo  

m.55 
11.00 

1.S5 
....... 

IflQ  1  5t€0 
ISO     fi^CD 

7.55 

aw    a4o 

190 

3r._  _ 

&00 

'» 

1L70 

" 

ISO 

IM. 
1 --  -  .„,. 

2. 

3.._ 

4 

5 

6... 


Jftii.  I  Feb,  I  K&r.     Apr,     Uaj 


I 


10.... 

U.-.. 

12... 

13... 

14... 

15... 

16... 

17... 

18... 

19... 

20.. 

21.. 

22.. 

23.. 

24.. 

2.0.. 

26.. 

27.. 

».. 

2a.. 

30.. 
31.. 


«aQO 

170 
5.90 

aoo 

&00 

aoo 

5.90 

a  10 
a  10 
aoo 
a90 
a  10 
a  10 
a20 
a2o 
a3o 
a  20 
a  10 
a  30 
aoo 
a  20 
a20 
a2o 
a  10 
aoo 
a  10 
aoo 
a  10 
a2o 
a20 
a  10 


a  10 

a  20 
a  10 
aoo 
a  20 
a  20 
a20 
aoo 
a  20 

190 

a  10 
a  20 
a  10 
a  20 
a  10 
a  20 
a  20 
a  10 
a  10 
aoo 
a  10 
a  10 
a  10 
a  10 
a  20 
a30 
a40 
a20 
a  10 


aao 
aao 

a30  I 
a  90  I 
a30 
a  90  \ 
a  30  1 
a  40  ' 
a  40  I 
a. 10  1 
a  30 
a  30 


a  30  I 
a  20 
a  30  ' 
a  20  i 
a  20 
a  20  I 
a  10  . 
aoo  ' 

190  I 

aoo  I 
aoo  ' 

180  T 

aoo  I 
aoo  I 
a  20  I 
a  20 
a  20 
a  50 
a  80 


baoo 

&30 

a50 
a90 
aeo 
aso 
7.00 
7.20 

7.50 
7.90 

aso 

9.80 
9.80 
9.40 

a  70 
a  30 

7.70 
7.30 
7.50 
7.50 
7.70 
7.70 
7.  .50 
7.60 

aoo 

9.30 
ia.30 
10.90 
10.70 
10.  50 


g.«o 

0.20 

aoo 
a4o 
aoo 

7.80 
7.40 


7.40 
7.90 
9.50 

laso 
ia.5o 

9.90 
9.40 
9.20 
9.00 

aso 
aoo 

7.70 
7.40 
7.20 
7.10 
7.00 
7.50 
a  10 
9.40 
10.60 
11.90 
12.60 
12.30 


June.  I  July.  ,  Aug.  ,  S^pt. 


1L20 

a^ 

150 

10.00 

a  50 

170 

9.10 

a  50 

190 

a60 

a30 

180 

a40  1 

a20 

170 

9.00  1 

a. 30 

170 

0.90  1 

aoo 

130 

laso 

a  90 

140 

10.50  ' 

a  10 

180 

9.80  1 

a3o 

190 

9.00  1 

a40 

a  30 

a  30 

a  80 

a  30 

7.80  ! 

7.10 

a  40 

7.  .50  1 

7.00 

a  30 

7.20  ! 

a  50 

a  30 

a  80 

a  90 

5.-0 

a  90 

a  80 

aoo 

a  70  1 

a. 50 

a  10 

aso  . 

a  80 

aoo 

6.20 

a  50 

aoo 

a90  1 

a  60 

aoo 

a  80  j 

a  30 

170 

6.20 

aoo 

a  10 

a  70  ' 

180 

180 

aoo  i 

150 

190 

a  70 

180 

190 

a  10  i 

100 

aoo 

a  80 

180 

aoo 

a  10 

170 

'    160 

aoo 

180 

aoo 

170 

,     170 

IRO 
ISO 
180 
180 
130 
a  80 

a30 
a  90 
a  70 
a  70 
a  30 
a  70 
a  30 
a  50 
aeo 

190 

a  20 
a  30 
a  90  I 
a  70 

180  ' 
190 
ISO  I 
170  ! 

185  I 
180  ' 

a  70  I 

7.40  I 
7.40  , 

7.00 

I 


Ocl. 


Nov,  I  Dec. 

I 


B^eo 
a45 
a20  1 
a  10  1 
7.00  j 
aoo  ' 
a  90  I 
a3o  i 
a  42 
a  70  ! 
a40  I 
laio 
12.00  I 

13.20  I 

13.00 

11.90 

ia3o  ' 

9.40 
9.00 

a4o  ' 

7.90 

aoo  ' 

8.50 

a  50  , 
a  30 
a. 30 

7.90  ' 
7.60  ' 
7.50  I 
7.40; 
7.00 


r 


7,10  I     ISO 

aoo  I  ISO 
aeo  I  180 
a  70  I  (c) 

aso  ! 

a40  I 

a  10 
a  10 

a  60  ' 

a  10  i    a  10 

a90  i 

a  20  

5. 50  ' 

aso  

a  «o  

a8o  ' 

aso 
a  30 

180 

aoo 
aoo 
aso 
a  40 
a  30 

190 

aso 
a  10 

180 

aoo 
aoo 


aso 


aoo 


aoo 


«  River  frozen  January  1  to  March  31.    loo,  average  thickness,  10  inches. 

^  Ice  conditions  April  1  to  12. 

« River  Irozen  December  4  to  31.    Ice  1  foot  to  2  feet  thick. 
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Mean  daily  gage  height  y  in  feet  ^  of  Wisconsin  Rit^r  near  Necedahf  Wm.,  December  2, 1902  ^to 
December  Sly  1905 — Continued. 


Day. 


Jan. 


1905. 


1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 


(«) 


0.00  ;  5.70 


Apr. 


13.30 
13.30 
12.80 
12.40 
11.90 
11.60 
11.80 
11.90 
11.40 
10.  GO 


11 

1 

6.15 

9.90 

12...            .        1      .. 

. 

9.30 

13 1 

6.00    

9.00 

14 ,. 

'    6.00 

1 

8.60 

15 

a40 

16 !  ..  .  . 

8.00 

17 ' 

7.80 

18 t 

1 

7.50 

19                          1 

' 

7.10 

20  .     .  .         i      - 

6.00 


5.00 
5.00 
5.00 
5.30 
5.00 
6.80 
7.10 
8.30 
9.30 
10.70 

6.70 

21 

22 

6. 10 

6.(X) 
6.60 

23                          1        . 



6.50 

24 1 

6.40 

25 1 



6.00 

6.30 

26 1 

6.00 

1 
27  - 

6.15 

28 

29 

1    COO 

6.00 
5.95 

30 1 

i 

5.90 

31...                             -   - 

May. 

June. 

July. 

5.95 

6.50 

7.30 

6.10 

6.40 

7.30 

6.10 

6.40 

7.50 

6.00 

6.30 

7.50 

6.00 

7.70 

7.50 

6.50 

8.30 

8.10 

aeo 

11.00 

8.60 

6.70 

12.50 

9.10 

6.90 

15.00 

8.70 

7.00 

17.00 

8.30 

7.00 

16.00 

7.60 

7.50 

13.00 

7.40 

8.30 

11.90 

7.00 

8.50 

11.60 

6.60 

8.30 

11.20 

6.70 

8.60 

10.40 

a50 

9.30 

9.70 

6.30 

9.80 

9.50 

6.50 

9.80  I 
9.70  I 
9.30  j 

a80  i 
a30  j 

8,00  i 
7.70  I 
7.20  I 
7.10 
7.00 
6.70 
0.80 
0.60 


9.60 
11.20 
12.40 
12.30 
11.00 
9.80 
8.80 
8.30 
8.00 
7.80 
7.40 
7.00 


6.30  I 
6.30  I 
6.30  I 
6.10  i 
6.90 
5.70  ' 
5.75  ' 
6.00  ' 
5.50  I 
5.10 
5.30 
5.10  , 
5. 30  j 


Aug. 

Sept. 

5.50 

.« 

5.30 

6.00 

5.20 

6.20 

5.20 

6.00 

5.60 

6.10 

5.30 

6wl0 

5.40 

a55 

I  I 

Oct.    I  Nov.     Dec. 


6.60 
6.90 
7.10 
6.70 
6.50 
6.70 
6.40 
6.20 
5.90 
6.00 
5.90 
5.80 
5.60 
5.50 
5.70 
5.70 
5.50 
5.70 
5.90 
5.30 
5.00 
5.80 
5.70 
5.70 


6.20  1 

5.70  I 

5.60  1 

5.50  j 

5.30  I 

5.40  I 

5.50  I 

5.50 

5.30 

5.40 

5.50  ' 

6.90  ' 

7.40  ! 

8.20  I 

8.40 

8.40 

7.80 

7.20 

6.80 

6.50 

6.00 

5.90 

6.00 


6.00 

'     5.f0 

>i« 

5.70  1     5.50 

^10 

5.60 

6.30 

SlJO 

6.50 

6.40 

a» 

6.40 

6.50 

iOD 

6.40 

6.40 

5.» 

6.40 

6.40 

6.80 

5.40 

5.40 

6.05 

6.20 

6.50 

6. 3D 

6w30 

5.50 

8.60 

6.00 

5.  CO 

8.W 

4.90 

6.50 

&« 

4.70 

6.50 

7.70 

4.70 

5.50 

7.;d 

5.10 

6.30 

i.eo 

6.10 

6.30 

7.60 

6.30 

5.10 

7.80 

5.30 

6.20 

7.30 

5.  GO 

6.20 

7.30 

6.60 

6.30 

7.30 

5.80 

6.20 

7.30 

6.30 

4.90 

MO 

6.70 

4.90 

7.10 

7.00 

4.90 

6.80 

6.80 

4.80  , 

a30 

6.70 

5.10 

fK30 

6.00 

6.10 

7.10 

6.40 

6.50  , 

6.30 

a20 

5.30 

6.40 

6.20 

6.40 

(130 

6.00 

6.10 

oRiwr  froron  ovor  Jjiniiary  1  to  .Niarch  20. 
Thickness  of  iw,  2  to  'IJ)  f(H>t.' 
f>  No  ice  record  for  December. 


Gage  heights  are  to  water  surface  in  a  hole  m  the  ice. 


WOLF   BIVEB   SYSTEM. 


71 


Rating  table  for  Wisconsin  River  near  Necedahf  W is, ,  from  March  10  to  Jtdy  5, 1903. a 


beighl. 


4.7 
4.B 
40 

&5 

£.8 


DbcbATga. 

Set^nO^tii. 

F€H. 

3,«W 

49 

3,540 

«lO 

3,6W 

&1 

3,840 

0.2 

4,00D 

43 

4,iea 

&4 

4,330 

«15 

4.4U0 

&Q 

1       4,6ro 

6l7 

i,m 

&S 

5,060 

&9 

5.3BO 

7,0 

fi,4m 

7.1 

DtKbai^. 


B,am 

5,000 

G,130 

0,620 
6,880 

7,1^ 
7,430 
7,7 10 

8,000 
8,2PQ 
fi,580 
8,370 


Mb 


7.2 
7.3 
7.4 
7.S 
7.6 
7.7 
7.  a 
7.9 
8.0 
8,2 

a.4 


DlaQhar^. 

aage 

luHght. 

Se&md-fetL, 

Fed. 

&,ieo   ' 

8,8 

9,460    1 

BO 

8,760    1 

9.2 

10,060 

9.4 

10,360    ' 

9.fl 

10,670    1 

9.S 

10,OiO 

10.0 

U;»0 

10.  g 

It, 000    1 

11.0 

'     12,240    1 

11.5 

12,fifl0 

12.0 

13,520 

lao 

Discharge. 


Second-feet 
14,160 
14,800 
15,440 
16,080 
16,720 
17,360 
18,000 
19,600 
21,200 
22,920 
24,670 
28.360 


o  Flood  in  July  changed  channel. 
Rating  table  for  Wisconsin  River  near  Necedah^  W  is.  y  from  July  6  to  December  12  ^  1903. 

Gage 
,   height. 


Discharge. 

height. 

Discharge. 

Second-feet. 

Feet 

Second-feet. 

10,440 

9.2 

16,480 

10,760 

9.4 

17,160 

11,080 

9.6 

17,840 

11,410 

9.8 

18.520 

11,740 

10.0 

19,200 

12,070 

10.5 

20,900 

1        12,400 

11.0 

22,600 

13,080 

11  5 

24,300 

13.760 

12.0 

26.000 

14,440 

12.5 

27,700 

15.120 

13.0 

29.400 

15.800 

14.0 

32.800 

jting  table  for  Wiscojisin  River  near  Necedah,  Wis.,  from  January  1  to  December  31  ^  190^. 


Cage 

ht'ight. 

Feet. 
4.0 
4.1 
4.2 
4.3 
4  4 
4.5 
4.6 
4.7 
4.8 
4.9 
5.0 
5.1 
6.2 
&3 


I 


Discharge. 

Second-feet. 
1.800 
2.000 
2,200 
2.400 
2,600 
2.810 
3.020 
3,240 
3.400 
3.600 
3,930 
4.150 
4,390 
4,630 


Gage 
height. 


Feet. 
5.4 
5.5 
5.6 
5.7 
5.8 
5.9 
6.0 
6.1 
6.2 
6.3 
0.4 
6.5 
6.0 


Discharge. 

Second- feet. 
4,880 
5,130 
5.380 
5,640 
5,900 
6.170 
6.440 
6,720 
7.010 
7,300 
7,600 
7.900 
8.200 


Gacf 
hcigiu     I 

^      I 


DjAchargc. 


Fftt. 

6  7 
6.  a 

an 

7  0 
7  2 

7  4 
7.G 
7.8 
8.0 
8.2 
8.4 
8.6 
8.8 


Second- fett 
§.500 

A, ma 

9,100 
9.40n 
10,000 
10,600 
11,21X1 
11.800 
12.400 
13,000 
13.t)00 
14,200 
14.800 


height 

fret. 

9,0 
9.2 
9.4 
9  0 

10. 0 
10.  fi 
11.0 
11.5 
12.0 
12.5 
13.0 
13.5 


Discharge. 


3€c»r>d-fte 

15,400 
16.000 
16.600 
17,200 
17,fiOO 
18,400 
10,900 
21,400 
23.610 
25.860 
28,230 
30,760 
38,450 


r 
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Raiing  table  for  Wisconsin  River  jiear  Necedah,  Wis.  ^  from  January  1  to  December  31,1905. 


hei^t. 

Discharge. 

Gage 
height. 

Feet, 

Discharge. 

1 
Second-feet. 

Gage 
height. 

Discharge. 
Second-feet! 

Gage 
height. 

Feet. 

Dischargn. 

Feet. 

Seoond-feet. 

Feet. 

Second-feet. 

4.00 

1,800 

5.50 

5,130 

7.00 

'          9.400- 

9.80 

17.800 

4.10 

2,000 

5.60 

5,380    I 

7.20 

10,000 

10.00 

18,400 

4.20 

2,200 

5.70 

5.640 

7.40 

10,600 

10.50 

19.900 

4.30 

2,400 

5.80 

5,900 

7.60 

11.200    1 

11.00 

21.400 

4.40 

2,600 

5.90 

6,170 

7.80 

11,800 

11.50 

23,610 

4.50 

2.810 

6.00 

6.440 

8.00 

12.400 

12.00 

2.5.860 

4.60 

3,020 

6.10 

6,720 

8.20 

13.000 

12.50 

28,230 

4.70 

3,240 

6.20 

7.010 

8.40 

13,600 

13.00 

30.750 

4.80 

3,460 

6.30 

7.300 

8.60 

14.200 

13.50 

38.450 

4.90 

'     3,690 

6.40 

7,600 

8.80 

14.800 

14.00 

46.200 

5.00 

3,920 

6.60 

7.900 

9.00 

15,400 

15.00 

61.800 

5.10 

4,150 

6.60 

8,200 

9.20 

1        16.000 

16.00 

77,500 

5.20 

4,390 

6.70 

8,500 

9.40 

1        16,600    i 

17.00 

93.300 

5.30 

4,630 

6.80 

8,800 

9.60 

17,200 

18.00 

109,200 

5.40 

4.880 

6.90 

9,100 

1 

The  last  table  is  applicable  only  for  open-channel  conditions.  It  is  based  on  23  di.scharge  measnre- 
ments  made  during  1902-1905.  It  is  well  defined  betwet^n  gage  heights  4.5  feet  and  10.5  feet.  The  uUe 
has  been  extended  beyond  these  limits.  From  gage  height  6.3  feet  to  1 1  feet  the  rating  curve  is  a  tangpot, 
the  difference  being  300  per  tenth.  Above  11  feet  the  bank  overflows,  which  causes  the  discharge  to 
increase  at  a  greater  rate  per  foot. 

Eaimaied  monthly  discharge  of  Wisconsin  River  near  Necedah  ^  TTw.,  1903  to  190o. 
[Drainage  area,  5,800  square  miles.] 


a  Rainfall  for  11103  is  the  avcrago  of  tho  rfcord«^d  pn'cipitation  at  the  followine:  stations:  Antlgo, 
KoeptMiick,  Slovens  Point.  Waiisuu.  Amherst.  (Jrand  Kaoids.  and  Mrdfonl.  That  for  1904  includes tlN 
same  stations,  except  Medford  and  adding  Minocqiia  anu  Prentice. 

6  Estimated. 

c  March  1  to  9,  inclusive,  estimated. 

d  River  frozen  Deceml)er  13  to  31. 

«  Twelve-day  period. 
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monthly  discharge  of  Wisconsin  River  juar  Necedah,  Wis.  ^  for  190S  to  1905 — 
Continued. 


Date. 


1904. 


Discharge. 


Run-off. 


Maxi- 

mam- 


Sec.-feet. 
10,600 
33.830 
9,700 


Mini- 
mum. 


Mean. 


Per 
square 
mile. 


I 


Sec-feet.  Sec-feet,  Sec-feet 


2,400 
6,170 
3,460 


I 


5,227  ' 
13,590  ' 
5,698  I 


.901 

2.34 

.982 


Depth. 

Inches. 
1.01 
2.70 
1.10 


! 


20,500 
35,370 
17,800 
93.300 
15,700 
9,700 
13.600 
9,400 
5.900 
14.800 


I 


920 
170 

305, 
300 
150  , 
920 
630  ' 
240 
460  { 
150 


9,037 
15.790 
11,060 
23,320  i 

8.711  I 
6,099  I 
7,419  I 
5.748  j 
4,667  I 
8.888  I 


1.56 
2.72 
1.91 
4.02 
1.50 
1.05 
1.28 
.991 
.805 
1.53 


I 


1 


T 


RainfaU. 


Inches. 

4.53 

5.70 

.25 

1.86 

0.58 
3.04 
2.20 
4.48 
1.73 
1.21 
1.43 
1.14 
.898 
1.76 

34.87 


a  No  estimate  for  ice  period. 
uieasuremerUs  of  Winconsin  River  at  Merrill ^  Wis.,  in  1902,  1903,  190^,  and 


1906. 


Hydrograph»'r. 


!  Width. I 


Feet. 


R.  Stoclcman. 
..do 


Area  of 
8wtion. 


Square 
feet. 


Mean     I   Gage 
velocity,   height. 


Feet  per 
second. 


.do. 


do 

do 

do 

do 

do 

do 

E.C.  Murphy... 

L.  R.  Stockman. 


K.  John.son.  jr. 

do 

do 

do 

I  F.  \V.  Ilanna  .. 

E.  Johnson,  jr. 


8.  K.Clapp.... 

do 

M.  S.  nrennun. 
do 


310  I 
310 
3«l 
3.32  I 
308  , 
305 
2&3  ' 
343  I 
334  I 


:i34  I 

334  I 

312 
327  ' 
306 


334 
324 
3.34  ' 
Xi2  ' 


718  ! 

669 
2,639  , 
2,232  ! 
1,289 
1,424 

1,759 
1,594  ' 


2,220  ; 
2,286 

1,210  ' 

2,:m  ' 

1,237 


2,189  , 
1,679  ! 
2,334 
1,596  ' 


1.91 
1.86 
3.78 
3.54 
1.78 
2.10 
2.36 
3.19 
2.61 


3.71 
4.19 
1.98 
1.91 
4.42 
1.85 


Feet. 
7.6 
3.8 

4.05 
3.70 
8.90 
6.a'>  ! 
4.72  I 
5.70  I 
5.00  I 


Dis- 
charge. 

Second 
feet. 

9,015 

1,394 


1,376 
1,250 
9,995 
7,893 
2,258 
2,993 
2,638 
5,614 
4,159 


7.85 

8,242 

8.25 

9,587 

5.30 

3,107 

5.01 

2,312 

8.25 

10,323 

4.97 

2,294 

I 


3.84 
2.69  1 
4.06 
2.73  ' 


7.8 
6.25 
8.17 
6.48 


8,396 
4,519 
9,478 
4,357 


a  Partly  frozen. 


6  Affecte<i  by  log  jam. 
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Mean  daUy  ga^  height,  infect,  of  Wiscongin  River  at  Merrill^  Wis.,  November  16, 1902,k 

December  31,  1905. 


Day. 


1902. 


1903L 


Nov. !  Dec.  I  Jan.    Fob.    Mar.    Apr. '  May.  I  June.'  J  uJy.  [  Aug. 


? 


u !...    .! 

12 1 ! 

,3 1 

14 !          . 

15....:.    1 

16 

j  3.60 

17 

'  3.80 

18 

19 

2.-1O 

2.05 

30 

1.90 

21 

.     -.    1.90 

22 

'  1.55 

23.; 

I1.05 

24 

:  .90 

Z'i 

!.().> 

211 

27 

'     .55 

.15 

28 

OTy 

29 

10 

30 

31 

. 

Day.              Jan 

4.00 
3.95 
4.00 
4.00 
3.85 
3.65 
3.85 
3.Ki 
3.90 
3.85 
4.a'> 
3.80 
3.80 
3.75 
3.85 
4.05 
3.95 
3.90 
3.80 
3.70 
3.  70 
3.70 


3.65 
3.70 
3.85 
3.80 
3.75 
3.70 
3.75 
3.70 
3.65 
3.65 
3.70 
3.70 
3.80 
3.75 
3.65 
3.50 
3.70 
3.70 
4.20 
4.00 
3.85 
4.00 
4.00 
4.00 
4.10 
4. 0.*> 
4.00 
3. 8.-. 
3.  a-. 
3.  IK) 
3.  S.'. 


3.80 

3.70 

3.80 

3.70 

3.85 

3.80 

3.80 

3.75 

3.85 

.1.80 

3.8.5 

3.70 

3.90 

.3.80 

3.80 

3.75  ' 

3.90 

.3.75  1 

3.8.5 

3.90  ! 

3.5,'> 

4.a5| 

3.85 

4.20 

3.75 

4.75  1 

3.70 

5.00 

3.75 

5.  as 

.3.80 

.5.05  . 

3.90 

5.50- 

3.75 

5.55  i 

3.5.5 

7.90  : 

3.70 

8.35 

3.65 

8.30  ' 

3.85 

8.00 

3.  4.') 

8.25 

3.  r>5 

7.50  ' 

3.70 

7.3.5 

3.70 

7.00 

3.  a) 

rt.  JVi 

3.  »k'> 

6.a5 



ti..SO 

»i.  4.5 

fi.  70 

6.75  6.65    7*« 

6.70  8.30    7.46 

6.S5  L« 

6.65  j aTH 

6.75  Km 

6. 70  8,70 

6.80  &3Q 

6.90  '  KiH 

6.75 r.TO 

6.70 7,10 

6.75  ' ' ;  f.sa 

6.55 I  r.30 

6.05      ' '  e.JO 

6.70      ' 5.50 

6.75 6,00 

6.80    ; j).« 

6.&5 &.S0 

6.75      1 &.4» 

7. 10      5. 15     5. 15 

7.20* 5.20  '  5.55 

7. 10  \ .5.  .55     4. 65 

6.80      5.fi0     4.90 

6.75      6.00  :  5.40 

6. 80    6. 4.5     5. 10 

7.a5      (i.40     4.65 

6.10      5.8.5     .5.10 

6.35      5.:{5     4.10 

6.  .50      .5.35      4.  .50 

r..8.5      «.:«     .5.tX) 

6.rX)      6.75      4.  .50 

4. 30 


7.45 

7,3S 


Bvpl.    OCL  '  Not.  I>c, 


5.70 

B.00 

A.IA 

rkin 
tLm 

•.« 

IOlOO 

In.  10 
Li.ae 
vkm 
|taM 
|o.w 

.  mo 
,  7.00 
'  7.^ 

7.  ID 
7,30 
7.30 
I  7.03 
'  5.10 
6.<IS 


0.,9Q 

£.60  ' 

7.S5 
ftOO  ' 
7.M  I 

ass  ' 


o-SS 
5.00 

h.m 

5.30 

5.ao 

S.30 


&.5S  I  5.  ID 


a.  35 
aa> 

7.  TO 

7.35 

7.3£ 
7.10 
7,1(S 
A.  75 
0,1)0 

^m 

6.60 
6.35 
6.35 
6.35 
6.40 
6.15 

6.  as 

6.00 
5.85 
5.75 
5.85 
5.95 
5.60 


5.30 
'5.30 

^.•^ 

4.75 

4.85 

4.75 

4.55 

4.60  , 

4.70 

4.90 

5.35 

5.2.5 

4.85 

4.85 

5.05 


IS 

ill 

LI 

SQE 
1% 

i« 

i» 


.5.30 
iffl 
4.80 
4.80 
5.10 
.-..00 
.i.30 
.5.30 
,50) 
J-M 
.5.80 
5.flO 


Fob. 


190*. 

1 .5.90  .5.6.5  .5.W 

2 ♦».(«  .5.»M  .5.95 

3 r..a5  5.r.o  .5.90 

4 «•,.  10  .5..V)  .5.90 

5 ••>.  10  .5.70  .5.«i0 

ft r..00  .5.70  .5.S5 

7 5.  7.5  .5.  »■,<)  .5.  9.5 

S .5.  SO  .5.  SO  .5.  .S.5 

9 .5.  .50  ,5.  SO  .\\n) 

10 .5.8i  .5.7.5  .5.90 

U 5.'m  .5.S.5  .5.90 

12 .5.70  .5.7.5  .5.W 

13 .5.7.5  <;.  10  .5.80 

14 .5.70  .5..V.  .5.  SO 

15 .5..M  .5.«i0  .5.90 


Apr.     May.     Juno.'  July.     .Vug.     Sept. 


5. «) 
.5.  Jv5 
.5.90 
.5.  S.5 
,5. 1«0 
♦i.  40 

r..  :i.5 
♦1.  JC. 

7.20 
7.  1.5 
7.  1,5 
♦;.  7.5 
f..80 
(1.  iu> 

f..  r) 


7.10 

6.  so 

7.0.5 

7.  :m) 


7. 05 
S.40 
8.20 
7.90 
7. 95 
7.70 
7. 95 
7.70 


7.30 
7.70 
S.  U5 
KM)  ' 
7.N) 
7.8.5  ' 
7.  .5.5 
7.3.5 
7.00  . 


i\.  .50 
r..20  '• 
o  Chain  gunf  sloh-n 


6. 75 
0.80 
6.00 
6.20 
6. 2.5 
6.  20 
6.  20 
6.  .r> 
6.70 
6.  a5 
7.20 
6.  .5.5  . 
5.  45 
6. 00 


.5.15  . 

.5.20  ; 

5.  10  . 
5. 00 
5.a5 

5.  -2.5 
.5.20 

6.  tw) 
.5.  10  I 
.5.20  I 
5.30  I 
6. 20 
7. 1.5 
5.  .50 
,5.  M) 


Oct. 


5.05 

4.90 

5.95 

7.80  ! 

6.90 

6.25 

7.a5 

7.00 

6.75 

5.90 

6. 15  ' 

6.60  I 

6. 15  i 

.5.95  ' 

5.95  . 


6.15 
6.25 
6.70 
5.85 
6.40 
5.90 
5.60 
6.70 
7.75 

laio 

ia40 

iai5 

9.05 
8.30 
7.55 


Nov.    Dec- 


6.70 
6.60 
6.25 
5.90 
5.75 
5.70 
5.55 
5.15 
4.70 
4.55 
4.40 
4.75 
5.90 
6.00 
4.60 


i85 
.5.30 
i8S 
4.85 
4.75 
495 
480 
.5.15 
5.00 
5.00 
4.65 
4.45 
4.« 
5.05 
5.20 
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'ean  daily  gage  height ,  infeet^  of  Wineonsin  River  ai  MerriUy  Wi«.,  November  16, 1902,  to 
December  31,  1905— Continued. 


Day. 


19(M. 


Jan.      Feb. 


I 


5.80 
5.(iO 
5.55 
5.65 
5.60 
5.70 
5.(45 
5.60 
5.50 
5.85 
5..S5 
5.55 
5.55 
5. 55 
5.55 
5.50 

5.20 

4.95  I 

5.30, 

5.70  I 

5.35  I 

5.40  I 

5.20  j 

5.45 

5.15 

5.05 

5.35 

5.50 

5.50  ; 

5.90  I 

0.00 

5.95  i 

5.  75 

5.85 

5.G5 

5.15 

5.15  ' 

5.G0 

5.80  I 

6.05 

6.15  i 

5.85  I 

5.85 

5.25 

5.10 

5.05 

5.15 


5.65 
5.95 
5.90 
5.90 
6.15 
5.85 
5.95 
5.90 
5.90 
5.90 
5.90 
5.90 
5.90 
5.95 


Mar.      \pr.    May.    June. 


! 

5.25  I 
5.00  i 
4.90  I 
5.15  I 
5.50  I 
5.35 
5.15  ! 
5.  r>  I 
5.10  '. 
5.40  ''■ 
5.20 
4.95  ' 
5.20  I 
5.25  I 
5.15  ' 
5.50  j 
5.70  I 
5.65  I 
5.55  I 
5.35  ! 
4.30  ' 
5.20  I 
5.76 
5.80  ! 
5.fO  j 
5.15  I 
5.65  j 
5.35 


5.85 
5.90 
5.75 
5.65 
5.70 
5.75 
5.80 
5.35 
5.75 
6.00 
5.85  ' 
5.55  I 
5.70  ; 
5.80  . 
5.70  ! 
5.80  , 


5.35 
5  35 
5.20 
5.40 
5.25 
5.35 
5.55 
5.15 
5.20 
5.05 
5.  45 
5.05 
5.45 
4.70 
4.70 
4.95 
5.05 
5.2,5 
5.25 
5.25 
5.50 
4.95 
4.95 
5.35 
4.55 
5.75 
O.ai 
7.40 
8.00 
8.60 
8.50 


5.85 
6.45 
6.30 
6.35 
6,15 
6.05 
6.05 
6.10 
7.00 
8.10 
8.35 
8.45 
8.  .10 
8.20 
7.75 


8.90  I 
8.80  ' 
9.20 
8.90  I 


8.80 
8.80  ; 
8.80 

a2o  ! 

8.60 
7.80  I 
7.40  I 
7.20 
7.40  I 
7.00  j 
6.90  I 
7.20 
7.40 
7.00 
0.45 
0.45  ' 
0.45  ' 
0.05  I 
5.95  ' 
5.00  I 
5.75 
0.20  I 
5.90  ■ 
5.a5 
5.95 
5.  45  ' 


7.90 
7.40 
6.55 
6.75 
6.75 
6.85 
7.05 
7.a5 
7.05 
8.10  i 
10.10 
10.60 
9.80 
9.06 
8.60 
7.95 

5.15 
5.70 
0.20 
0.10 
0.25 
6.40 
6.45 
7.20 
0.70 
0.45 
0.95 
7.20 
0.90 
7.40 
7.00 
7.00 
7.80 
7.80 
7.50 
7.30 
7.00 
0.75 
0.80 
0.40 
0.  45 
0.30 
0.35 
0.35 
6.25 
0.25 
0.00 


6.10 
6.05 
6.10 
6.50 
6.20 
6.05 
6.10 
6.05 
7.25 
5.60 
6.00 
0.25 
7.25 
6.80 
6.30 


July. 


5.80 
5.70 
5.90 
5.50 
7.60 
10.40  I 
10.00 
9.00  ' 
9.00 
8.40 
8.50 
8.40 
7.80 
7.80 
7.00 
8.10 
10.40 
10.  m 
10.  00 
9.00  I 
9.20  I 
8. 00  I 
8.50  I 
8.00  I 
7. «»  j 
0.90 
7.00  , 
7.50 
0.  75  j 

7.a5 


5.60 
5.80 
6.a5 
4.50 
4.60 
5.10 
5.20 
.5.30 
4.90 
4.50 
4.60 
5.40 
5.10 
5.50 
5.70 
5.50 

7.40 
7.30 
7.50 
7.60 
8.00 
8.20 
7.70 
7.80 
8.00 
7.20 
0.85 
7.05 
0.20 
O.-W 
0.80 
0.50 
0.30 
0.55 
.5.05 
5.05 
0.  45 
0.00 
5.50 
5.40 
5.20 
.5.10 
5.r.5 
5.80 
5.(V) 
.5. 75 
4..% 


Aug. 


5.70 
6.65 
5.90 
5.75 
6.40 
6.10 
6.20 
6.15 
5.85 
5.80 
5.70 
6.00 
5.50 
5.90 
6.35 
5.a5 

5.05 

5.45 

5.35 

5..^5 

5.95 

6. 10 

6.85  I 

0.00 

0. 25 

0.40 

0.05  ' 

5.75 

0.00 

0.15  j 

5.90 

0.05  '\ 

5.90 

0.40 

0.25 

0.20  j 

5.90  ' 

0.80  I 

0.50 

4.80  ' 

5.  55 

0.35 

0.40 

6.25 

5.  75 

0.00 

0.80  1 


Sept. 


5.90 
5.90 
5.95 
5.90 
5.20 
5.35 
5.05 
5.50 
6.80 
7.10 
7.75 
7.15 
7.20 
6.40 
6.10 


Oct.     Nov. 


I 


6.10 

6.20 

6.15 

6.70 

0.70 

6.25 

6.00 

0.25 

6.10 

0.30 

0.15 

0..30 

0.05  I 

0.40 

0.05  I 

0.40  j 

0.GO  I 

0.45  I 

0.90 

7.35  I 

0.70 

7.30 

0.90  I 

0.80 

0.50  , 

0.25 

0.5,5 

0. 15 

.5. 95 

0.  45 


7.15 
6.90 
6.90 
6.95 
6.25 
6.35 
6.80 
6.65 
6.55 
7.10 
7.20 
6.90 
6.75 
6.85 
6.65 
6.25 

6.20 
6.00 
6.20 
6.00 
6.05 
6.00 
5.30 
5.30 
4.30 
4.90 
0. 15 
0.80 
6.45 
6.55 
5.90 
0.15 
5.85 
0. 25 
6.65 
6.8.5 
0.  70 
0.70 
0.80 
0.15 
0.30 
0.70 
0.  .5.5 
0.90 
0.50 
5.  70 
5.80 


4.50 
4.55 
4.55 
4.75 
5.05 
5.10 
5.25 
.5.10 
4.95 
4.75 
4.95 
5.^ 
5.15 
5.15 
4.85 


6.20 
6.30 
5.60 
5.25 
5.80 
5.35 
5.10 
5.55 
5.45 
5.90 
5.80 
5.15 
5.. 10 


Dec. 


5.30 
5.20 
5.20 
5.10 
5.05 
5.20 
5.70 
5.25 
5.20 
5.45 
5.05 
5.60 
5.95 
5.60 
5.50 
5.15 

5.20 
5.70 
5.60 
5.80 
5.40 
5.25 
5.55 
5.55 
5.35 
5.75 
5.70 
5.55 
5.00 
5.00  ,  5.60 
5.20  I  5.  ,15 
5.05,  5.70 
5.70  '  0.15 
5.75  I  5.50 
5. 85  5. 00 
5.05 
5.75 
5.75 
5.45 
5.55 
5.90 
0.25 
5. 90 
5.r,0 
5.85 
.5.70 
.5.40 


5.45  ■ 
5.75  I 
5.75 
5.75  I 
5.00  I 
5.70 
.5.20 
4.80 
,5.  15  ' 
5.05 
5.  .50  I 


I 


Note.— No  ice  record  at  thia  station. 
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Rating  table  for  Wificonsin  River  at  highway  bridge  near  Merrill,  Wis.,  from  June  17, 1903,  k 

December  31,  190^. 


Gage 
height. 

Fee^. 
4.5 
4.G 
4.7 
4.8 
4.9 
5.0 
5.1 
5.2 
5.3 
5.4 


Discharge. 

(Jage 
height. 

Feet. 

Discharge. 
!  Second-ft. 

Gage 
height. 

Feet. 

Discharge. 
Second-ft. 

Gase 
height. 

Diaohaige. 

Second-ft. 

Teet. 

Secmi-ft.  < 

1,485 

5.5 

1         3,225    . 

6.5 

5,485 

ao 

•,«6   i 

1,645 

5.0 

3,425 

6.6 

5,725 

8.2 

10,t» 

1,805 

5.7 

:          3,635 

6.7 

5,975 

8.4 

10,flB5 

1,970 

5.8 

3,855 

6.8 

6,225 

8.6 

11,545 

2,140 

5.9 

4,075 

6.9 

6,475 

&8 

12,205 

2,310 

6,0 

4,305 

7.0 

6,725 

9.0 

12,865 

2,485 

6.1 

4,535 

7.2 

7,245 

9.5 

14,515 

2,G('>5 

6.2 

4,765 

7.4 

7,785 

lao 

16,165 

2,845 

6.3 

5,oa5 

7.6 

8,345 

las 

17.815 

3,W5 

6.4 

5,245 

7.8 

8,935 

11.0 

19,465 

Estimated  monthly  discharge  of  Wisconsin  River  at  MerriU,  Wis.,  for  1904- 
[Drainage  unvi.  2,6.'tf)  square  miles.] 


Date. 


Maxi- 
mum. 


Discharge. 

Mini- 
mum. 


1 


I 


1904.                                    ;  Sec.  ft.    j  Sec.  ft. 

January 4,535  3,225 

February 4,a'v')  3,330 

Marrh '  4,3a'i  i  2,94,') 

April 11,220  I  3,970 

May 18,140  I  .-i.filO 

Jum- 10,5(i0  I  3,42,j 

July 7,24')  I.4S.-)  I 

August 7,110  2.310  ' 

SeptomlMT 8,93.')  2. 140  | 

Octol>er 17,480  3,42')  ! 

NovomlHT r^O:.")  ,  1,410  ! 

DeeemlH^r 4,ia')  1,490  ^ 

Thoyrar '  Is, 140  1,410 


Mean. 

Sec.  ft 
^,664 
3,749 
3,889 
6,242 
8,935 
6,472 
3,a57 
3,766 
5,000 
7,343 
2,800 
2,566 

4,8(i5 : 


Run-olT. 


Per 
square 
mile. 


Sec.  ft. 
1.39 
1.43 
1.48 
2.37 
3.40 
2.46 
L.-il 
1.43 
1.90 
2.79 
1.06 
.976 


Depth. 

Inches. 
1.00 
1.54 
1.71 
2.64 
3.92 
2.74 
1.74 
1.65 
2.12 
S.22 
1.18 
1.12 


RaiDfiilL 


I 


I 


Indus. 

as 

1.20 

i.«i 

2.01 
6.30 
4.  SI 
3.2S 
3.21 
4.53 
5.70 
.25 
l.» 


1.85 


25.18  I 


34  «< 


U.VII.KO.VDS. 

Tho  railway  farilitios  will  ho  (liscu.s.srd  in  connoction  with  each  power,  but  in  generw 
it  may  b.'  .said  that  ihoy  arc  ('X(M»llont.  Tiic  willincrncs.s  of  tin?  railroads  to  go  where  there 
is  an  assurt'd  Irairic  is  .st'cn  at  Nckoosa.  Since  thr  oonstmction  of  the  paper  and  pulp 
mill  at  this  ])<)int  IhnM'  dilfrrrnt  railroads  have  oxtrndcd  their  lines  to  the  mill. 

The  land  is  being  rapidly  cleared  and  made  into  farms.  <  s|XM'ially  during  the  past  five 
years.     This  fact  insun's  the  certain  and  steady  extension  of  the  railroads  in  this  region. 

WATER   POWKILS. 

In  the  first  lliS  miles  above  its  mouth  Wi.sconsin  River  occupies  a  wide,  sandy  valley, 
entirely  devoid  of  any  falls  or  raj)ids,  and  showing  a  v<'ry  uniform  descent  of  only  li 
feet  per  mile. 
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The  first  water  power  is  found  at  Kilboum,  where  the  river  flows  across  the  Camhrian 
^iAndstone  in  a  narrow,  deep  gorge  known  as  "The  Dell/'  100  to  600  feet  wide  and  40  to 
70  feet  deep.  The  drainage  area  of  Wisconsin  River  at  Kilboum  is  about  8,200  square 
jcxiiles.  According  to  discharge  measurements  made  by  United  States  engineers,  the  low- 
-^yvater  discharge  is  3,000  second-feet.  A  dam  with  a  crest  3  feet  above  low  water  was  for 
xiiany  years  operated  here,  under  an  old  charter,  the  power  being  used  for  a  flouring  mill. 
'X'his  was  burned  down  over  thirty  years  ago  and  since  that  time  no  use  has  been  made  of 
t-tie  power. 

The  Madison  Traction  Company,  of  Madison,  Wis.,  has  a  charter  for  a  15-foot  dam 
jklsove  the  ordinary  low-water  level,  with  the  privilege  of  2  feet  of  flashboards,  giving  a 
H^ad  of  17  feet  or  more.  It  has  been  proposed  to  build  an  electric  railroad  from  Madison 
xiorthward  via  Kilboum,  as  an  extension  of  the  present  Madison  street  railway  system, 
a.nd  the  plans  contemplate  using  this  water  power  to  drive  the  dynamos. 

The  river  continues  to  flow  in  the  Cambrian  sandstone  for  the  next  70  miles,  until  Nekoosa 
is  n^ached.  ^Vlthough  the  river  descends  over  105  feet  in  this  distance  the  fall  is  so  evenly 
di>$tributed  that  good  water-power  sites  are  lacking.  At  Nekoosa,  however,  for  the  first 
time,  w6  find  the  river  flowing  in  the  hard  pre-Cambrian  crystalline  rock.  In  the  next 
Si.  miles  above,  the  river  has  a  descent  of  83  feet,  nearly  all  of  which  is  improved  by  5 
dftnis.  These  dams  furnish  power  for  5  large  modem  paper  and  pulp  mills  and  will  be 
described  in  order,  beginning  below. 


A  rock  crib  dam  at  Nekoosa  develops  a  head  of  nearly  20  feet.  This  power  is  used 
to  operate  a  modem  paper  and  sulphite  mill,  one  of  the  largest  on  the  river,  owned  by 
the  Nekoosa  Paper  Company.  An  installation  of  37  turbines  is  reported,  developing  a 
total  of  4,560  actual  horsepower  for  twenty-four  hours  per  day.  The  drainage  area  of 
the  river  at  this  point  is  about  5,700  square  miles. 

PORT   EDWARDS. 

About  4}  miles  farther  upstream  is  another  fully  developed  power  owned  by  the  John 
Bdwards  Manufacturing  Company.  A  head  of  18  feet  is  here  available.  Turbine  wheels, 
to  the  number  of  28,  develop  3,860  actual  horsepower,  which  is.  used  to  run  a  lai^e  paper 
and  pulp  mill.  Two  miles  farther  upstream  is  the  Centralia  Pulp  and  Water  Power  Com- 
pany's dam,  with  an  average  head  of  13  feet.  Turbines  of  1,460  horsepower  are  here 
installed,  according  to  the  company's  report,  all  used  in  the  manufacture  of  paper  and 
pulp. 

GRAND   RAPIDS. 

One  of  the  largest  and  most  complete  paper  and  pulp  mills  in  the  entire  State,  owned  by 
the  Consolidated  Paper  and  Power  Company,  is  located  on  the  west  side  of  the  river, 
within  the  city  limits  of  Grand  Rapids.  This  mill  was  erected  in  1902  and  it^  instal- 
lation of  paper-making  machinery  has  all  the  recent  important  improvements.  Before 
this  mill  was  constructed  there  was  a  total  descent  of  30.8  feet  between  the  foot  of  Biron 
tlam,  4  miles  above,  and  the  Grand  Rapids  bridge.  Of  this  amount  the  new  masonry 
and  concrete  dam  of  the  Consolidated  Paper  and  Power  Company  develops  a  head  of 
about  25  feet.  Turbines  of  6,500  horsepower  are  aln^ady  installed,  flume  space  being  also 
provided  for  the  development  of  an  additional  1  ,(XX)  lH)rsi'power  for  futun>  expansion. 
Prior  rights  to  500  horsepower  developed  by  this  dam  are  owned  by  the  Grand  Rapids 
Milling  Company,  which  uses  it  in  the  manufactun^  of  flour. 

The  Pioneer  Wood  and  Pulp  Conipany  has  certain  rij^hts  to  about  600  or  800  horse- 
power "when  the  stage  of  the  river  will  permit,"  which  has  meant  al>out  ten  months  each 
year.  This  power  is  used  by  the  company  for  grinding  wood  pulp.  Tlie  Grartd  Rapids 
foundry  also  has  rights  to  about  40  hon^^power  from  the  same  dam.     The  milling  company 
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and  the  foundry  both  rMM?ive  thoir  power  from  the  Consolidated  Company  in  consideration 
for  power  previously  owned  by  them  and  displaced  by  the  present  dam. 

The  above-described  four  paper  mills  have  the  advantages  of  competition  in  freight  raios 
incident  to  being  served  by  each  of  the  following  railways:  The  Chicago  and  Northwest^'m; 
Chicago,  Milwaukee  and  St.  Paul;  Green  Bay  and  Western;  and  Wisconsin  Central. 

About  4  miles  above  Grand  Rapids  is  located  the  dam  of  the  Grand  Rapids  Paper  and 
Pulp  Company.  A  he*d  of  from  10  to  12  feet,  depending  on  the  stage  of  the  water,  is 
reportecj  with  turbines  already  installed  of  3,063  ho'^sepower.  This  company  is  sen'wl 
by  the  Green  Bay  and  Western  Railroad.  In  the  13  miles  bt»tween  the  crest  of  the  Biron 
dam  and  the  foot  of  the  next  one  above,  near  Stevens  Point,  Wisconsin  River  descends 
16  feet.  The  only  rapids  in  this  distance  is  one  of  34  feet  called  "Crocked  Rift,"  alxiut 
4  miles  above  the  Biron  dam.  The  greater  part  of  this  fall  properly  belongs  to  the  Biron 
power  and  is  largely  developed  by  the  splash  boards  of  that  dam. 

STEVENS   POINT. 

Owing  to  the  peculiar  topography  of  the  river  valley  between  Nekousa  and  Stevens 
Point,  whereby  the  adjacent  tributaries  flow  for  long  distances  parallel  to  the  main  river, 
and  to  the  decided  narrowing  of  the  river  valley  betwwn  these  points,  the  dischai^  of 
Wisconsin  River  at  Stevens  Point  does  not  differ  greatly  from  that  at  Nekoosa.  The 
drainage  area  at  Stevens  Point  is  about  5,600  square  miles. 

In  the  city  of  Stevens  Point  and  immediately  south  of  it  are  found  three  developed 
powers  and  one  undeveloped.  Of  the  former,  the  lower  two  are  owned  and  operated  by 
the  Wisconsin  River  Paper  and  Pulp  Company.  One  of  its  dams  is  located  in  the  XE. 
}  sec.  17,  T.  23  N.,  R.  8  E.,  just  below  the  mouth  of  Plover  River,  and  supplies  a  head 
of  9  feet.  At  this  point  a  large  island  occupies  the  middle  of  the  river  and  is  made  use 
of  in  the  construction  of  the  dam.  The  company  has  installed  turbines  ratinl  at  1,370 
horsepower.  One-half  mile  above  this  dam,  at  a  point  where  the  river  is  much  narrower, 
is  located  the  second  dam  belonging  to  this  company,  giving  an  average  head  of  16  feet. 
Here  are  installed  18  turbines  rated  at  4,6(iO  horsepower.  This  power,  as  well  as  that 
derived  from  the  dam  1k*1ow,  is  used  in  the  manufacture  of  pulp  and  papi»r.  Both  mills 
are  located  on  the  east  or  right  bank  and  have  good  shipping  facilities.  Above  the  last- 
descril)ed  power  and  about  a  mile  below  the  dam  next  above  is  an  undeveloped  power  of 
about  7-f(X)t  head  belonging  to  the  same  company.  As  the  river  is  wide  at  this  point,  a 
very  long  darn  would  be  n  quired  to  develop  this  |K)wer,  but  its  locatipn  in  the  city  would 
make  it  very  valuable. 

The  third  dam  is  located  within  the  limits  of  the  city  of  Stevens  Point  and  is  owned 
by  the  Jackson  Milling  C^)mpany.  This  dam  develops  an  average  head  of  7  feet.  The 
owners  have  installed  only  3  turbines,  rated  at  140  horsepower,  which  is  used  to  run  a  flour 
artd  ivvd  mill.  By  building  a  new  dam  1,000  feet  below  the  present  one,  with  a  crest  of  10 
feet,  a  12-foot  hrad  could  easily  be  obtained  without  flooding.  On  account  of  its  location 
in  a  growing  city  of  10,000  people,  it  would  seem  that  all  this  power  could  easily  find  taken 
at  remunerative  rates. 

BATTLK    ISLAND. 

In  the  19  miles  b(»tw(»en  the  head  of  the  upper  dam  at  Stevens  Point  and  the  bridge  of 
the  Cliiraf!;<^),  Milwauk(»e  and  St.  Paul  Kailway  near  Knowlton,  according  to  railroad  Icveb, 
the  rivor  descends  30  feet.  In  this  (listimec  then'  is  only  one  opportunity  for  the  devek^  , 
ment  of  water  power,  nain<4y,  at  Rattle  Island,  in  .sec.  28,  T.  26  N.,  R.  7  E.  From  the 
loot  of  the  rapids  at  .Mosinee  to  Battle  Isiantl, according  (o  a  sur\-ey, there  is  a  fall  of  20 
feet.  The  hanks  jit  this  point  are  .said  to  he  hij^h,  .^o  that  a  dam  could  be  economicdily 
built  with  a  head  of  20  feet.     The  Wisconsin  Valley  division  of  the  Chicago,  Milwaukee 
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and  St.  Paul  Railway  is  distant  less  than  a  mile  from  this  site,  and  rock  and  timber  are 
very  abundant  and  near  at  hand;  in  ^t,  the  bed  and  banks  of  the  river  are  in  rock. 


An  easily  developed  power,  one  of  the  best  on  the  river,  is  found  at  Mosinee,  in  sec.  31, 
T.  27  N.,  R.  7  E.  It  is  owned  by  the  Joseph  Dessert  Lumber  Company.  About  forty 
years  ago  a  flooding  dam  with  a  head  of  5  or  6  feet  was  built  here,  and  it  has  since  been 
rebuilt  several  times.  The  dam  was  located  near  the  head  of  the  rapids,  probably  because 
of  the  ease  of  construction  due  to  a  large  island  in  the  river  at  this  point.  Later  a  sawmill 
was  built  on  -he  right  bank,  thereby  securing  a  head  of  about  12  feet.  At  the  present  time 
ihif:  mill  is  run  by  steam  power,  and  no  use  is  made  of  the  water  power.  An  effort  is  now 
being  made  tc  interest  capital  to  develop  this  power  to  its  maximum  amount  for  a  pro- 
posed paper  and  pulp  mill.  This  will  require  a  new  dam.  Such  a  dam  could  be  made  to 
develop  a  head  of  20.7  feet  by  flooding  a  small  marsh  above.  The  high  banks  and  the  bed 
of  the  river  are  in  the  hard  crystalline  rock. 

BOTHCHILDS. 

In  the  18  miles  between  the  east  quarter  stake  of  sec.  35,  T.  29  N.,  R.  7  E.,  below  the 
mills  at  Wausau,  and  the  crest  of  the  Mosinee  dam,  Wisconsin  River  descends  28  feet.a 
A  considerable  portion  of  this  fall  is  concentrated  in  rapids  in  sec.  24,  T.  28  N.,  R.  7  E. 
at  a  place  called  Rothchilds.  The  right  bank  is  steep,  but  the  left  bank  is  much  less  so. 
A  dam  could  be  built  here  which  would  develop  a  head  of  nearly  20  feet  but  it  would 
nc^d  to  he  long.  Rib  and  E^u  Claire  rivers,  with  drainage  areas  of  500  and  423  square 
mil«»s,  respectively,  enter  Wisconsin  River  from  opposite  sides  but  a  short  distance  above 
Rothchilds.  This  place  is  7  miles  from  Wausau  and  is  reached  by  the  Chicago,  Milwaukee 
and  St.  Paul  Railway.  During  the  year  1903  Wausau  capitalists  made  earnest  efforts  to 
acquire  the  necessary  flowage  rights  for  the  improvement  of  this  power,  but  the  owners 
of  the  land  were  unwilling  to  sell  at  the  rates  offered  and  the  project  was  dropped. 

WAUSAU. 

Only  a  portion  of  the  valuable  water  power  located  in  the  city  of  Wausau  has  been 
developed.  A  hi^  granite  island,  nearly  a  quarter  of  a  mile  long,  occupies  the  middle 
third  of  the  river  at  this  place,  the  main  dam  being  built  from  the  head  of  this  island  to 
the  right  bank,  a  distance  of  about  350  feet.  The  guard  lock  is  located  on  the  opposite 
channel,  at  the  site  of  the  Scott  Street  Bridge,  and  is  about  300  feet  long. 

Near  the  head  of  the  island  is  located  the  McEchroy  roller  mill.  Three  turbines,  installed 
under  an  average  head  of  only  7J  feet,  develop  296  actual  horsepower,  which  is  ample  for 
this  mill  as  at  present  equipped. 

AboJt  1,000  feet  below  the  guard  lock  are  situated  the  Alexander  Stewart  Lumber  Com- 
pany V.  planing  and  saw  mills,  working  under  heads  of  9  and  11  feet,  respectively.  Four 
turbines,  rated  at  200  horsepower,  are  installed.  The  planing  mill  runs  ten  and  the  Saw- 
mill twenty  hours  a  day.     The  company  also  has  350  steam  horsepower. 

About  1,300  feet  below  the  guard  lock  Is  located  the  plant  of  the  Wausau  Paper  Mills 
Company,  which  takes  its  power  from  the  old  dam,  hut  because  of  the  location  so  far 
below  has  the  advantage  of  the  additional  fall  in  the  river.  This  gives  an  average  head 
of  14  feet.  The  company  has  installed  12  turbines,  rated  at  al)out  3,600  actual  horsepo^-er, 
and  in  addition  has  500  steam  horsepower.     This  mill  nins  twenty-four  hours  a  day. 

During  the  past  year  the  Wausau  Electric  Company  has  acquircd  rights  to  two-ninths 
of  the  total  flow  of  the  stream,  and  has  blasted  a  new  tailrare  out  of  the  si>lid  rock  for  a 
distance  of  300  or  400  feet,  thereby  increasing  the  head  to  22i  feet.  This  company  has 
as  yet  installed  only  one  pair  of  turbines,  rated  at  700  horsepower,  but  intends  to  double 
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this  in  two  yoars.     The  Stewart  LunilH»r  ('oiiiimnv  owns  thn*e-nintlLs  and  I).  L.  Plunur 
four-ninths  of  the  total  flow  of  the  river. 

Wausau  is  a  city  of  alxiut  I3.(NX)  inhabitants  and  is  tlie  eount y  seat  of  Marathon  County. 
The  Marshfield  braneh  of  the  Chieajjo  and  Northwestern  Railway  crossos  Wiflconsin  Rivi-r 
at  this  point,  and  the  city  is  siTved  also  hy  the  C'liieago,  Milwaukee^  and  8t.  Paul  Baiiwiv. 


In  the  20  miles  (by  river)  lH»twwn  the  fcK)t  of  the  lower  dam  at  Merril]  and  the  hnd  *4 
the  Wausau  dam  Wisconsin  River  descends  alxnit  o5  fe<'t,  lU)  fet^t  of  this  being  betwern 
Wausau  and  the  mouth  of  Pine  River.«  Tlie  tmly  iK)rtion  of  this  fall  at  present  developed 
is  at  Hrokaw,  when>  a  dam  with  a  head  of  12  feet  funiishi>s  power  for  a  laijge  paper  and 
pulp  mill.  Twelve  turbines,  ratvd  at  3,SX>4  horst»power,  an^  inst«ll(Kl.  Brokaw  is  about 
6  miles  alK)ve  Wausau,  in  sec.  3,  T.  29  N.,  H.  6  K.,  and  is  n>ached  by  the  Chicago,  Mihraukft^ 
and  St .  Paul  Railway. 

TKA1»1»    KA1>1I)8. 

ALK)ut  4  miles  alnive  Brokaw,  near  the  mouth  of  Trapp  River,  are  the  Tntpp  lapkkb 
The  lK*d  of  the  river  is  in  the  hard  crystalline  riN'ks,  and,  according  to  the  topognphic 
map,  lM)th  banks  are  alMKit  '<M)  or  3.5  f(M>t  high  and  the  river  (3(K)  feet  wide.  A  head  of  18  or 
20  f<H't  coidd  jirobably  lx»  develojx'd  lien*  by  a  dam.  Tlie  nearest  city  ia  Merrill,  a  plire 
of  over  9,000  inhabittiuts,  distant  only  S  mik's  by  the  Chicago,  Milwaukee  and  St.  Paul 
Railway. 

MKKRIU.. 

In  the  city  of  Merrill  an>  two  dams.  The  k)wcr  one,  which  has  rocontly  been  repairpd 
and  partially  rebuilt,  is  k)cated  between  lots  1  and  3,  stM'.  12.  T.  31  N.,  R.  0  K.,  and  givi-s 
an  average  head  of  14  feet.  This  ])ower  is  owned  by  the  Merrill  Klectric  Light  Company, 
which  has  in.st ailed  and  uses  (MX)  hors««jK>wer.  The  remainder  of  the  p<iwer  is  hiistMi  to 
the  Lindore  Pajn^r  Company,  which  in  1901  blasted  out  a  new  tailrace  alM)ut  (j(X)  U\-t 
1n*1ow  the  dam  and  has  here  installed  2.3  turbines  under  a  14-foot  head,  rattHi  at  2,220 
horsejK)wer. 

The  second  dam  within  the  rity  limits  of  Merrill  i«<  l(M'»te<l  in  stv.  10,  T.  31  N.,  R.  6  E.. 
alK>ut  2\  miles  above  the  ])aiM'r  mill,  and  is  used  for  Ikkiui  pur]K)ses  only.  It  has  a  length 
4)f  about  47r)  feet  and  develops  an  average  bead  of  S  f<»et.  A  similar  dam  m^ith  an  8-fo«.»t 
head  is  l(M*at4'd  alMnif  2  miles  alK>ve,  lH*twe<'n  sers.  S  and  9,  T.  .31  N.,  R.  6  E.,  and  is  al* 
used  only  for  l)oon»  puriH).s<»s.  Hoth  dams  are  owned  l)v  tin*  Wiscoiwin  River  IMving  Asah 
ciation.  As  tbes**  <lanis  an-  of  little  us<»  at  present,  owing  to  the  decline  of  the  lumber 
intiTcsts.  a  crnnpany  is  now  l)eing  formcil  to  greatly  imj)rove  the  two  powers  by  the  con- 
.struction  of  a  new  dam,  to  Im>  l(H'ate<l  between  sees.  9  ami  Hi,  T.  31  N.,  R.  0  E.  It  ia  atatiKl 
that  a  bead  of  24  fo4't  can  Im»  obtained  here  to  run  a  ni'w  pajxT  mill. 

Wiseonsin  KivjT  is  joined  at  Merrill  In*  Prairie  Hiver.  I^'tw«H»n  Merrill  and  Rhinelander 
Tomahawk  and  Pelican  rivers  atld  their  witters  from  an  aggregate  drainage  area  of  3,300 
.s<|uare  miles. 

itii.i.  <*K()ss  KArins. 

The  next  power  in  order  above  ,Mi-nill  is  found  ui  liill  Cniss  Kapids,  in  see.  13,  T.  32  X., 
H.  r^  K..  in)t  far  fn»m  the  <Mi>t  cjuarliM*  stukr.  Hetween  tlii>  [)oint  and  the  foot  of  Onnd- 
fatlK-r  Kapids  the  rivrr  descends  2(ij  feel.  -Vs  tb«'  banks  are  re|M)rted  high  at  thia  point 
it  is  probable  that  a  IhmkI  of  20  to  21  feet  could  be  obtainiMl.  This  dam  site  is  distant.! 
miles  fn>m  tin*  Cbiragt).  Milwanker  and  St.  Paul  Kailway. 

«  I.'.  .S.  «;<'nl.  Siirv<*y  topnj:r.Mihi<*  imu|». 

''Ttic  power  iiiiil  ripiinun  njk'tits  wl  thi.se  r;ij»iils  ;in'  <»>\ iumI  Iiv  <i'.  J>.  Jjuh-s,  Neul  Bruwn,  andCKfl 
Mathie.  of  Waii^jiu,  Wis. 
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A.     GRANDFATHER  RAPIDS.  WISCONSIN    RIVER. 

Ninety  ff  et  fall  in  1  i  mile*. 


/;.     BRUNETT   FALLS.  CHIPPEWA  RIVER. 
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GRANDFATHER  RAPIDS. 

1  the  53  miles  between  the  foot  of  the  upper  dam  at  Merrill  and  the  foot  of  the  Rhine- 
ler  dam  the  river  has  a  natural  descent  of  277  feet,  an  average  of  5.2  feet  per  mile, 
-his  stretch,  besides  several  other  fine  powers,  are  included  Grandfather  Rapids,  the 
est  water  power  on  the  river,  developed  or  undeveloped.  These  rapids  begin  in  the 
.  }  sec.  30,  T.  33  N.,  R.  6  E.,  and  extend  to  the  SW.  i  sec.  31,  a  distance  of  li  miles, 
are  the  most  noted  rapids  on  the  river.  A  view  of  them  is  shown  in  PL  III,  A.  The 
c-ent  in  this  distance  is  S&i  feet.  The  high  bank  and  the  bed  of  the  river  are  in  the  hard 
-Cambrian  rock.  For  nearly  thirty  years  the  Wisconsin  River  Logging  Association  has 
intained  three  logging  dams  on  these  rapids.  It  is  probable  that  the  cheapest  method 
developing  this  power  would  be  to  construct  three  dams  of  30  feet  head  each,  and  that 
'  power  could  l)e  best  employed  by  paper  mills.  The  sit«  is  about  midway  in  the  20  mile 
etch  from  Merrill  to  Tomahawk. 

\l)out  1 .5  miles  above  Grandfather  Rapids  are  some  small  rapids  where  a  8.9-foot  dam 
\ild  back  the  water  to  the  foot  of  Grandmother  Rapids. 

GRANDMOTHER  RAPIDB. 

■^rom  the  foot  of  the  present  Tomahawk  dam  to  the  foot  of  Grandmother  Rapids,  Wi- 
isin  River  descends  41  feet,  6i  feet  of  which  are  concentrated  at  these  rapids  in  a  dis- 
ice  of  40  rods.  According  to  a  survey,  39  feet  can  be  developed  here.  One  dam  site 
»uld  be  neai*  the  south  line  of  sec,  10,  T.  33  N.,  R.  6  E.,  which  is  distant  only  2i  miles 
m  the  Chicago,  MUwaukee  and  St.  Paul  Railway  at  Irma. 

TOMAHAWK   DAM. 

rhis  dam,  which  has  a  head  of  13.2  feet,  is  located  in  the  SW.  i  sec.  10,  T.  34,  N.,  R.  6  E. 
las  a  total  pondage  of  over  4  square  miles,  the  largest  on  the  river,  backing  up  the  water 
the  main  river  for  about  6  miles,  as  well  as  in  the  tributaries.  The  steadying  effect 
ich  this  dam  exerts,  together  with  that  of  several  dams  on  adjoining  lakes,  must  be  very 
leficial.  This  power  has  been  used  for  several  years  for  running  a  lai^e  paper  mill 
ited  on  the  left  bank  and  reached  by  spur  tracks  of  the  Chicago,  Milwaukee  and  St.  Paul 
ilway.  The  installation  is  650  horsepower.  During  the  summer  of  1904  another  paper 
1  was  erected  on  the  opposite  bank,  taking  its  power  from  the  same  dam. 

PINE   CREEK   RAPIDS. 

"rom  the  foot  of  Whirlpool  Rapids  to  the  backwater  of  the  Tomahawk  dam,  a  distance 
0  miles,  the  river  has  a  nearly  even  descent  of  23J  feet,  20  feet  of  which  could  be  devel- 
d  by  one  or  possibly  two  dams.  A  20-foot  dam  located  about  a  mile  east  of  the  city 
Tomahawk,  in  the  SE.  J  sec.  25,  T.  35  N.,  R.  6  E.,  would  back  the  water  up  into  Pine 
er.  Most  of  the  land  thus  to  be  overflowed  belongs  to  lumbering  companies  or  to  the 
dley  Company,  of  Tomahawk,  Wis.  This  dam  site  is  less  than  half  a  mile  from  the 
4nette,  Tomahawk  and  Western  Railway. 

WHIRLPOOL  RAPIDS. 

Tiese  rapids  extend  from  the  west  line  of  sec.  12,  T.  35  N.,  R.  7  E.,  to  the  north  line  of 
cohi  County,  a  distance  of  about  2  miles,  in  which  the  river  descends  15.4  feet.  Between 
head  of  Whirlpool  Rapids  and  the  foot  of  Hat  Rapids  there  is  a  descent  of  12.63  feet, 
uitable  dam  at  the  foot  of  Nigger  Island,  in  sec.  12,  T.  35  N.,  R.  7  E.,  would  develop  a 
d  of  28  feet.  The  banks  are  said  to  be  high,  with  an  abundance  of  rock  and  timber 
acent  to  the  dam  site.  The  drainage  area  at  this  point  is  1,300  square  miles.  Three 
erent  railroad  lines  are  located  within  3  or  4  miles  of  this  site,  and  Tomahawk,  a  city  of 
X)  population,  is  7  miles  west. 
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HAT  RAPIDS. 

Between  the  mouth  of  Pelican  River  and  the  foot  of  Hat  rapids,  in  sec.  27,  T.  36  N., 
R.  8  E.,  the  Wisconsin  descends  about  22  feet.  As  the  banks  are  high,  a  dam  in  sec. 
27  between  lots  4  and  5  could  l>e  made  to  develop  about  20  feet  of  head.  The  drainage 
area  at  this  point  is  1,220  square  miles.  The  Rhinelander  Power  Company  has  been 
formed  to  develop  this  j>ower,  and  from  Mr.  A.  W.  Sheldon,  Rhinelander,  Wis.,  its  attoi^ 
ney,  the  following  facts  were  learned.  A  recent  survey  shows  that  the  concrete  dam 
should  be  located  13  rods  north  of  the  south  line  of  sec.  27,  T.  36  N.,  R.  8  E.  It  will  be 
264  feet  long,  with  earthen  dikes,  in  addition,  of  80  and  250  feet.  Such  a  dam  would  cre- 
ate a  head  of  20.3  feet.  The  site  is  only  5  miles  from  Rhinelander,  a  city  of  over  5,000 
inhabitants,  reached  by  both  the  Cliicago  and  Northwe8t<«m  and  the  Minneapolis,  St 
Paul  and  Sault  Ste.  Marie  railways.  The  power  could  be  either  used  at  the  site  for  a 
paper  mill  or  electrically  transmitted  to  Rhinelander  for  lighting  and  power  purposes.  TTie 
latter  is  stated  as  the  present  intention  of  the  owners.  An  officer  of  the  company  states 
that  all  the  contracts  for  construction  and  machinery  have  been  let,  and  that  the  plant 
is  expected  to  be  in  operation  by  September,  1905. 

RUINEIJINDER   DAM. 

Between  the  foot  of  the  present  dam  of  the  Rhinelander  Paper  and  Pulp  Company, 
in  the  city  of  Rhinelander,  and  the  foot  of  Otter  rapids,  in  sec.  36,  T.  40  N.,  R.  9  E.,  a 
distance  of  about  35  miles,  the  river  descends  79.2  feet.  The  dam  develops  30  feet  of  this 
descent,  and  the  power  is  used  to  run  one  of  the  largest  paper  and  pulp  mills  on  the  river. 
The  company  has  installed  turbines  rated  at  a  total  of  3,000  actual  horsepower  and  has 
also  1,200  steam  horsepower.  The  daily  capacity  of  this  mill  is  45  tons  of  finished 
paper,  40  tons  of  pulp,  and  40  tons  of  sulphite  pulp. 

The  river  above  this  point  has  a  drainage  area  of  about  940  square  miles.  Above  Rhine- 
lander the  river  banks  are  lower  and  the  opportunities  for  developing  lai^ge  powers  few. 
In  the  35  miles  lx»twt»eu  Rhinelander  and  the  source  there  are  two  rapids,  called  Rainbov 
rapids  and  Otter  rapids.  In  this  distance,  according  to  the  United  States  engineere,a 
between  the  head  of  Otter  rapids  and  a  point  alwut  a  mile  above  the  mouth  of  PelicaD 
River,  the  descent  of  Wisconsin  River  is  only  57  feet,  or  about  1.62  feet  per  mile. 

RAINBOW    RAPIDS. 

These  rapids  are  of  sniull  extent.  They  are  located  in  sec.  6,  T.  38  N.,  R.  8  E.,  and  a 
head  of  6  to  10  feet  could  be  secured. 

OTTER    RAPIDS. 

The  most  important  power  above  Rhinelander  is  at  Otter  rapids,  where  a  logging 
dam  with  u  iiead  of  about  10  feet  w»ls  early  constructed.  The  rapids  proper  desceo" 
16  feet,"  so  that  a  head  of  this  amount  or  more  could  Ix?  developed.  The  damsit«is 
between  lots  0  and  8,  sec.  36,  T.  40  N.,  R.  9  E.  The  drainage  area  above  this  point  is 
about  500  square  miles. 

According  to  the  Chicago  and  Northwestern  Railway,  the  Wisconsin  River  at  Gonover» 
in  sec.  9,  T.  41  \.,  R.  10  E.,  has  an  elevation  of  1,044  feet  above  the  sea.  This  woul<i 
give  a  fall  of  GO  feet  in  the  24  miles  I H't ween  Conover  and  the  head  of  Otter  rapids. 

TUIHI  TAIUES  OF  WISCONSIN  RIVKR. 

GENERAL   STATEMENT. 

The  walershcMl  line  on  each  side  of  the  Wisconsin  Valley  is  Iwtween  300  and  400  fe^^ 
above  the  main  river,  and  as  the  tril)utari(^s  have  to  descend  this  distance  in  a  lengti* 
of  50  or  GO  miles  the}-  hav(»  many  nipids  and  available   powers.     In  the  upper  portions* 

a  Kept.  Chief  Eiig.,  U.  S.  Anny,  1681,  p.  1S.M. 
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their  courses  the  tributaries  flow  over  the  hard  pre-Cambrian  rock,  giving  many  rapids. 
The  lower  valleys,  however,  are  filled  by  continued  erosion,  so  that  with  few  exceptions,  no 
powers  are  found  here. 

The  length  and  drainage  area  of  certain  streams  tributary  to  Wisconsin  River  are  shown 
in  the  following  table: 

Principal  tribuiaries  of  Wisconsin  River. 


River. 

Length. 

Drainage 
area. 

Pelicaji 

mies. 
25 
50 
50 
50 
50 
70 
50 
70 
75 

Sq.  miles. 
262 

Tomahawk 

714 

Rib .• 

408 

Eaa  Clairp 

423 

Eau  Pletno 

377 

YeUow 

946 

Lemon  weir 

588 

Baraboo                   

655 

Kickapoo , . 

760 

Only  Kickapoo,  Baraboo,  and  Leraonweir  rivers  and  their  branches  have  been  as  yet 
fully  or  even  largely  developed,  but  the  present  rapid  settlement  of  this  northern  region 
is  fast  bringing  a  demand  for  the  utilization  of  these  valuable  water-power  resources. 
While  these  powers  are  small  as  compared  with  those  on  the  main  river,  in  the  aggregate 
they  are  lai^e,  and  their  wide  distribution  makes  them  of  still  greater  value.  In  some 
cases,  b<»cause  of  the  ease  with  which  they  can  be  developed  and  controlled,  manufactur- 
ers seem  to  prefer  them  to  the  larger  but  more  expensive  powers  on  the  parent  river.  An 
example  of  this  is  seen  in  the  present  power  developments  on  Prairie  River. 

ST.  GERMAIN    RIVER. 

Although  but  20  miles  long,  St.  Germain  River  has  at  least  three  good  dam  sites 
located  as  follows:  (1)  SW.  }  sec.  31,  T.  41  N.,  R.  8  E.;  (2)  near  the  outlet  of  Big  St. 
Germain  Lake,  sec.  32,  T.  40  N.,  R.  8  E.;  and  (3)  near  the  northeast  corner  of  sec.  18, 
T.  39  N.,  R.  8  E.  At  the  second  dam  site  a  head  of  20  feet  and  at  the  third  site*  a  head 
of  26  feet  are  reported  as  feasible. 

TOMAHAWK    RIVER. 

This  river  rises  in  about  40  lakes  with  elevations  of  from  1,540  to  1,575  feet  above  the 
sea,  the  largest  of  which  is  Tomahawk  Lake,  with  an  area  of  7  square  miles.  The  river 
joins  the  Wisconsin  at  Tomahawk  after  a  course  of  about  50  miles. 

The  dam  in  Wisconsin  River  at  Tomahawk  backs  the  water  in  Tomahawk  River  to 
an  elevation  of  1 ,442  feet,  so  that  the  remaining  descent  is  about  120  feet,  or  2.4  feet  p(T 
mile,  nearly  half  of  which  is  concentrated  in  four  rapids.  Only  one  of  these  has  been 
developed  for  power  purposes,  the  dam  being  located  about  2  miles  above  the  mouth  of 
the  river,  where  a  head  of  about  18  feet  is  obtained.  At  present  only  300  horsepower 
^re  here  utilized,  in  a  tannery  belonging  to  the  United  States  Lt^ather  Company. 

Eight  miles  above  this  dam,  in  lots  5  and  6,  sec.  21,  T.  36  N.,  R.  6  E.,  are  the  Prairie 
f»pids,  with  a  descent  of  20  feet;  10  miles  above,  in  lots  1  and  4,  see.  17,  T.  37  N.,  R.  6 
E-.  are  the  Halfbreed  rapids,  with  descent  of  8  feet:  and  12  miles  still  farther  upstream, 
in  sec.  27,  T.  38  N.,  R.  5  E.,  are  the  Cedar  rapids,  with  descent  of  12  feet. 

PEUCAN    RIVER. 

This  river  rises  in  a  series  of  lakes,  the  largest  being  known  by  the  same  name,  at  an 
elevation  of  1,590  feet  above  the  sea.    The  river  flows  west  and  joins  the  Wisconsin  near 
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Rhinelander,  after  descending  about  50  feet  in  its  length  of  25  miles.     The  following  table 
shows  the  location  of  promising  dam  sites,  none  of  which  are  as  yet  developed: 

Dam-site  locations  on  Pelican  River. 

Pofliible 
head  (feet). 

Between  lots  4  and  6,  sec.  4,  T.  36  N.,  R.  lO  E 6  to  8 

8W.  }  sec.  17,  T.  36  N.,  R.  10  E 6 

Between  lots  3  and  4,  sec.  26,  T.  36  N.,  R.  9  E 10 

Between  lot  1,  sec.  21,  and  lot  1,  sec.  22^  T.  36  N.,  R.  9  E 12 

PRAIRIE   RIVER. 

Although  Prairie  River  has  a  drainage  area  of  only  214  square  toilet  and  is  without 
lakes  at  its  upper  headwaters,  its  water  poWers  are  of  sufficient  importance  to  have  abeadj 
attracted  capital  for  their  development.  At  the  eastern  limits  of  the  city  of  MerriD  a 
dam  200  feet  long  is  being  rebuilt  so  as  to  give  a  head  of  21  feet.  This  dam  is  owned  by 
the  Prairie  River  Power  and  Boom  Company.  Nine  miles  northeast,  in  sec.  13,  T.  32  N., 
R.  7  E.,  at  a  j>oint  where  the  river  has  worn  a  deep  channel  in  the  rocks,  forming  dalks, 
a  masonry  dam  to  furnish  a  head  of  72  feet  is  now  being  built  by  the  same  company. 
Tliis  power  will  be  transmitted  electrically  to  the  lower  dam  for  use  in  a  paper  mill  now 
under  construction. 

iii  sec.  14,  T.  33  N.,  R.  8  E.,  are  smaller  dalles,  where  a  head  of  20  feet  may  be  obtained. 

RIB   RIVER. 

Rib  River  rises  in  two  small  lakes,  the  larger  of  which.  Rib  Lake,  has  an  elevation 
of  about  1,556  feet.  Aft«r  a  course  of  about  50  miles,  the  Rib  joins  Wisconsin  RiTcr 
a  mil©  below  the  city  of  Wausau.  Its  total  descent  is  400  feet,  an  average  of  8  feet  to 
the  mile.  A  considerable  part  of  this  descent  is  concentrated  in  the  middle  third  of  its 
length. 

The  tirst  power  is  found  at  Marathon,  10  miles  from  its  mouth,  where  a  dam  about  80 
feet  long  develops  a  head  of  18  feet.  About  5  miles  above,  in  the  city  of  Rib  Falls,* 
dam  100  feet  long  develops  a  head  of  20  feet.  In  sec.  24,  T.  30  N.,  R.  4  E.,  there  is  an 
undeveloped  power  with  a  head  of  18  feet. 

EAU    CLAIRE   RIVER. 

The  Eau  Claire  enters  Wisconsin  River  2  miles  below  the  mouth  of  Rib  River,  ftn<i 
from  the  opposite  (eastern)  .side.  It  has  a  smaller  drainage  area  than  that  of  the  Rib. 
and  a  much  larger  proportion  of  its  descent  is  distributed  in  it«  lower  part. 

A  total  of  148  feet  is  concentrated  at  the  following  points,  given  in  order  from  the  mouth 
of  the  river.« 

Dam-site  locations  on  Eau  Claire  Ritrr. 


Location. 


Schoftcld,  «>c.  12,  T.28N.,  R.  7  E 

Mansers,  ««•.  10,  T.  28  N.,  R.  8  E 

Old  Keli.'v ,  »c.  13,  T.  28  N.,  R.  8  E 

Barjiards  rapids,  soc.  23,  T.  29  N.,  R.  9  E 

The  Dalles,  8<>c.  7,  T.  29  N.,  R.  10  E 

Throe  Rolls,  sec.  34,  T.  30  N.,  R.  10  E 

Little  rapids,  sec.  22,  T.  30  N.,  R.  lOE 


Head. 

Feet. 
12 
25 
•25 
22 
40 
12 
12 


Remarks. 


Developed  (old  mill  abandoned)' 
Developed,  but  only  part  used. 
Developed  for  logging. 
Undeveloped. 

Do. 

Do. 

Do. 


The  first  three  powers  are  adjacent  to  the  Chicago  and  Northwestern  Railway,  and  0^ 
used  chiefly  for  boom  purposes. 


>  Authority:  D.  L.  Plummer,  C.  E. 


HAV   PL£IKC   AMD   BLACK   BIVEBS. 


85 


lUU   t>LEINB  RITER. 

This  river  has  a  narrower  and  smaller  drainage  area  than  either  the  Rib  or  the  Eau 
laire  and  is  entirely  devoid  of  lakes.  Like  the  latter,  it  has  considerable  descent  con- 
?!ntrated  in  its  lower  reju;hes,  one  power  with  a  15-foot  head  being  locat^'d  within  2 
liles  of  its  mouth.     Following  is  a  summary  of  its  powers: 

Dam-site  locations  on  Eau  Pleine  River. 


Location. 


<?.  18.  T.20N.,  R.6E 
«.  24,  T.26N.,  R.6E 
«.  13.  T.  27N.,  R.3E 
!C.  4.  T.  27N.,  R.  3E. 
».  24,  T.28N.,R.2E 


Head. 


Remarks. 


Feet. 
15 


Undeveloped. 
15    I         Do. 
15    I         Do. 
10±    Developed. 
10±' 


"I" 


BLACK  RIVER. 


TOPOGRAPHY  AND  DRAINAGE. 


Black  River,  hemmed  in  by  the  Chippewa  on  the  west  and  the  Wisconsin  on  the  east,  is 
estricted  to  a  long  and  narrow  watershed  of  about  2,270  square  miles,  a  with  an  average 
ridth  of  only  20  miles.  At  one  point  the  branches  of  Chippewa  River  extend  16  within  a 
|uarter  of  a  mile  of  Black  River.  Unlike  that  of  the  Chippewa,  al)out  a  third  of  the  Black 
R,iver  drainage  area  is  in  the  comparatively  level  sandstone  region,  so  that  the  maximum 
watershed  available  for  water  powers,  namoly,  at  Black  River  Falls,  is  only  1,570  square 
miles.a  The  watershed  narrows  rapidly  as  the  river  is  ascended,  and  at  Neillsville,  22 
mHes  in  an  air  line  from  Black  River  Falls,  the  drainage  area  is  reduced  to  only  729  square 
miles.a  Were  it  not  for  this  small  watershed,  the  steep  gradient  of  the  river  and  its  high, 
rocky  banks  would  insure  large  water  powers.     Black  River  rises  at  an  elevation  of  about 

1,400  feet  above  sea  level,  and  aft«r  a  sinuous  course  of  over  140  miles  joins  Mis8i.ssippi 

River  at  La  Crosse.     The  total  descent  in  this  distance  Is  772  feet,  with  details  as  shown  in 

the  following  table: 

Profile  of  Black  Riverfront  its  mouth  near  La  Crosse  to  near  Withee.b 


No. 


SUtion. 


1  j  U  Crosae  (near) 

2  Black  River  Falls: 

I        Below  dam 

^  I       Above  dam 

4    Chicaro,  St.  Paul,  Mimieapolis  and  Omutm  Rail- 

I    roaa  bridge 

^  j  Halls  Creek,  mouth  of 

^  ,  Halcyon 

^ !  Hatfield  railroad  bridge 

®  I  East  Forka,  mouth  of 

^  1  Dells  dam,  below 


Distanco. 


From 
mouth. 


Miles. 


Elcva- 
tion 

!  Between 'f.^;;;, 
points.  |s**a'<^vel. 

-I  -     -  -i      — 


Mileif.    I 


.'wi.O  1 
-v.'i.O  ■ 

58.0 
ftl.G 
G7.0  1 
71.2  I 
74.2  ' 
77.5' 


1 
.V>.()  ' 

.o! 

I 

3.0  ' 
3.0  ' 

5.4  I 

4.2  I 
3.0  I 

3.3  1 


Feet. 
028 


703 


706 
770 
793 
838 
840 
874 


Doacent  be- 
tween points. 


Total. 


Per 
mile. 


Feet,   i    Feet. 


I 


3 

10 ; 

17  I 

45: 
8  i 
28  I 


1.0 
2.8 
3.1 
10.4 


JCensua  report,  vol.  17, 1880,  p.  87. 
^.  Authority:   No.  1  (low-water  elevation),  Mississippi  River  Commission;  2  to  22,  Joint  Survey  of 
**».  Oeol.  aad  Nat.  Hist.  Survey  and  United  States  (Juological  Survey. 


66  Water  powers  of  northern  wisconsii^. 

Profile  of  Black  River  from  its  mouth  near  La  Crosse  to  near  Wt/Ae«— Continued. 


No. 


Station. 


Wedges  Creek,  mouth  of 

Cunningham  Creek,  mouth  of 

Center  sec.  22,  T.  24  N..  R.  2  W 

O'Neill  Creek,  Neillsville 

Bridge,  stxjs.  9  and  Itt,  T.  2.'i  N.,  R.  2  W 

Bridge,  sees.  21  and  28,  T.  27  N.,  R.  2  W 

Bridge,  Fairchild  and  Northeastern  Rwy 

Site  New  Greenwood  dam 

Between  sees.  27  and  28,  T.  27  N.,  R.  2  W 

Hemlock  dam,  600  feet  below 

Hemlock  dam,  above 

Bridge,  sees.  20  and  29,  T.  29  N.,  R.  2  W 

Bridge,  Wisconsin  Central  Rwy.,  west  of  Withee 


Distance. 


From 
mouth. 

Between 
points. 

Milei. 

MiUs. 

78.5 

1.0 

84.8 

6.3 

86.8 

2.0 

0.8 

4.0 

98.8 

8.0 

105.5 

4.7 

107.8 

4.3 

109.3 

1.5 

110.3 

1.0 

113.5 

3.2 

113.0 

.1 

119. G 

6.0 

125.1 

5.5 

Eleva- 
tion        

above    ' 
aca  Icvfl.    Total. 


Desent  \i^ 
tween  poiuti 


I 


Per 
miJe. 


Feet. 
93' 


929 


1,034  I 
1,070  I 
1.094  I 
1,105  I 
1,107  j 
1,132  1 
1,151  I 
1,167  I 
1,187  , 


Feet 
19 
16 
20 
60 

36 

1 
24 

11  ! 

2i 
25 
19 
16 
20 


Ttit. 

m 
m 

15.0 

:j 

5i 

:.J 

2.0 


In  the  55  miles  below  the  city  of  Black  River  Falls  the  river  flows  through  the  sandstone 
country  in  a  wide  valley  with  low  banks,  making  dam  construction  very  expensive,  if  not 
entirely  impracticable.  In  the  40  miles  next  alwvo  Black  River  Falls  the  river  lias  worn 
its  bed  into  the  hard,  crystalline  rocks,  which  rise  from  10  to  60  feet  or  more  from  the  water. 
frequently  in  nearly  vertical  walls.  The  descent  in  this  distance  is  337  feet,  nearly  9  feet  to 
the  mile.  It  is  only  in  this  stretch  that  important  water  powers  occur.  In  the  upper  third 
of  the  valley  the  crystalline  rocks  frequently  outcrop,  but  the  resulting  rapids  are  of  le» 
importance.  The  United  States  Geological  Survey  maintained  a  gaging  station  on  Blafk 
River  at  Melrose  for  nine  months  in  1903,  but  as  the  station  proved  unsatisfactor}'  it  was 
abandoned  August  1,  1903.  Such  measurements  and  observations  as  were  taken  are  given 
below : 

Discharge  vieaaurements  of  Black  RixYr  near  Melrose^  Wis.^  in  1903. 


Date. 


Ilydrograplier. 


January  ir» L.  R.  Stockman. 

February  7 do 

April  4 ' do 

May  1 do 

Juni'  13 do 


Gaee 
leignt. 


heigl 


DLvhsrgf' 


-I- 


I 


Feel.  ^Second-feet. 
4.30 
4.30 
5.90 
11.00 
3.90 


a3» 

2,«i2 
10.931 


I  Frozen. 


BLACK   RIVEB. 
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an  daily  gage  height^  infteij  of  Black  River  near  Melrose^  Wis.,  December  4, 1902,  to  August 

7,  1903. 


Day. 


1902.    I 

Dec.    I    Jan.    j 


1903. 
Feb.    I   Mar.   j    Apr.    I  May.  I  June. 


1 

1      3.75 

1      3.9.'> 

.   .   .                                              4.00 

3.80 

4.35 

» '      4  35 

) .                  4.30 

I ,       4  .ri 

2 

4  20 

3 

i      4.20 

4 

1      4.10 

5 

'      4  15 

r. 

4.10 

7 

.   .   .                  4.00 

8... 

1      4.00 

9 

1      4  05 

0 

4  2.<i 

1...   .                                              ♦•        4  m 

2 

1      495 

3 

1      5.80 

4... 

1      6  05 

5... 

'      5  85 

6 

1      5.80 

5.65 
5.50 
6.a5 
5.20 


5.05 

5.00 

4.90 

4.75 

4.60 

4.60 

4.50 

4.50 

(°) 

4.40 

4.40 

4.40 

4.40 

4.40 

(°) 

4.30 

4.30 

4.30 

4.30 

4.20 

4.20 

4.20 

4.20 

4.20 

4.20 

4.20 

4.20 

4.20 

4.20 

4.20 

4.10 


4.10 
4.10 
4.10  i 
4.10  I 
4.10 
4.20  ' 
4.20  I 
4.20 
4.20 
4.20  I 
4.30 
4.25 
4.20  ! 
4.20  , 
4.20 
4.10  i 
4.15 

4.00' 


4.30 
4.35 


3.90 
3.90 
4.00 
4.00 
4.00 
4.05 
4.10 
4.20 
4.35 


4.40  I 
4.45 
4.60 
4.75 
(«) 
6.25 
8.20 
9.30 
9.70 
10.75 
12.05 
12.55 
11.55 
9.85 
9.40 
10.35 
11.95 
13.40 
12.90 
11.40 
9.65 
8.a5 
7.65 
6.65 
6.02 
6.55 
5.70 
6.55 
5.30 


5. 10 
4.8.5 
5.30  ! 
5.65  , 
5.90 
6.50  ' 
6.65  I 
6.50  i 
6.20 
5.50  ' 
5.60  ' 

5.45 

5.60  ' 

5.95 

5.85  I 

6.05 

5.60  I 

5.00  ' 

5.15 

4.50 

4.65 

4.30 

4.30 

4.a5 

4.65  I 

.85 
5.00 
5.r>5  I 
6.80  I 


11.00 
10.00 
10.25 
1Q.50 

9.m 

9.05 
8.15 
7.00 
6.95 
6.55 
6.10 
6.65 
10.60 
12.00 
10.90 
9.15 
7.80 
6.55 
6.50 
6.40 
6.30 
5.90 
6.50 
5.70 
5.80 
5.95 
8.40 
11.85 
12.60 
10.95 
9.50 


7.(i0 


6.00 

4.70 

4.40 

4.30 

4.25 

4.00 

4.00 

3.95 

3.95 

3.80 

3.80 

3.80 

3.70 

3.70 

3.70 

3.70 

3.70 

3.70  I 

3.70  , 

3.60  ' 

3.60  ! 

3.50  I 

3.50  I 

3.50 

3.50  ! 

3.50  I 

I 


July.      Aug. 


3.60  I        3.75 

6.70   

11.20  ' 

10.90  1 

13.00  I 

12.30    

10.20  ' 

7.90  I 

6.90  j 

7.40    

8.70  ' 

7.20  I 

6.70   

6.20    

5.80    

5.30    

4.50    

4.20    

4.10  ! 

4.00  I 

4.00    

4.00    

3.90  ' 

3.90    

3.90    

3.75  ' 

3.90  ' 

4.20  1 

4.00  , 

3.80   

3.76  I 


o  Observer  abvnt. 


A  gaging  station  was  estahlishod  by  tlie  United  States  Geological  Survey  at  NeiUsville 
^pril  7,  1905,  and  the  following  data  have  been  collected: 

Discharge  measurements  of  Black  River  at  NeUhviUe,  Wis.^  in  1905. 


Date. 


^pril7 

%24 

unel3 

'ulyil 

August  11.... 
*Pt^ral)er25. 


Hydrographer. 


TIanna  and  Clapp. 

S.  K.  Clapp 

M.  S.  Brennon 

do 

do 

F.  W.  Hanna 


Width. 


Feet. 
192 
165 
192 
161 
151 
163 


.\rea  of 


Square 
feet. 

1,021 
471 
945 
392 
242 
419 


I 


Mean 
velocity. 

Oage 
height. 

Feet. 

Dis- 
charge. 

Feet  per 
second. 

Second- 
feet. 

3.  5 

7.7 

3,279 

2.18 

4.95 

1,024 

3.15 

7.26 

2,978 

1.56 

4.2.5 

612 

.93 

3.3 

225 

1.86 

4.3.5 

780 

^•OTE.- irid/A  is  the  actual  width  of  water  surface,  not  including  piers. 
»PPa  of  the  measured  section,  including  both  moving  and  still  watt».r. 


A  red  of  section  is  the  total 
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Mean  daily  gage  height ,  in  feet,  of  Black 
May.  I  June. 


Day. 

Apr. 

1                     .... 

2 

1 
3 

4 ' 

5 1 

6 

8.2 

7 

77 

8 

6.9 

9 

6.2 

10 

6.0 

11 

5.7 

12 

5.5 

13 

6.1 
4.8 
4.6 
4.3 
3.9 
3.8 
4.2 
3.9 

14 

16 

16 

17 

18 

19 

20 

21 

3.2 

22 

3.1 

23 

3.1 

24 

3.5 

25 

3.4 

26 

3.4 
3.4 
3.4 
3.4 
3.4 

27 

28 

29 

30 

31 

_l_ 


River  at  NeiUsville,  Wis.  ^  for 
July.      Aug.  I  Sept.  I    Oct.    i 


3.4 
3.4 
4.1 
6.3 
6.2 
4.9 
5.0 
4.6 
4.6 
6.9 
6.6 
6.7 
6.2 
10.7 
10.1 
9.2 
S.7 
8.2 
6.6 
6.0 
5.3 
6.1 
4.9 
4.7 
4.3 
4.2 
4.1 
3.9 
3.9 
3.8 
3.8 


3.7 


3.3  I 
3.2  I 
7.7  j 

14.2  I 

19.8 

16.5  ' 

11.5 
8.8 
7.6 

a6 

8.0 
7.1 
6.2 
5.5 
5.8 

11.2 

10.7 
8.6 
7.0 
6.0 
5.2 
4.5 
4.1 
3.9 
3.7 
3.5 
3.3 
3.3 
3.5 


4.4 

2.7 

4.4 

2.6 

4.9 

2.6 

6.5 

2.6 

&4 

2.9 

ao 

2.7 

6.8 

4.2 

6.9 

4.0 

5.3 

4.0 

4.7 

3.5 

4.2 

3.3 

3.8 

3.3 

3.9 

3.3 

4.0 

3.3 

4.8 

3.2 

4.5 

3.0 

4.0 

2.9 

3.8 

3.0 

4.2 

ao 

4.3 

3.0 

4.0 

3.2 

3.8 

3.5 

3.3 

3.4 

ai 

3.6 

3.1 

3.4 

3.0 

3.3 

2.9 

3.2 

2.9 

3.0 

2.8 

3.4 

2.8 

3.5 

2.7 

3.3 

3.3  I 
3.2 

3.5  ' 

3.4 : 

3.6  i 

3.2  ' 
3.1 
3.0  : 
2.9  ' 
2.8  i 

2.7  j 
2.8 
2.7  I 
2.7 

4.3  > 

6.0  I 
&0  I 

6.1  I 
8.6  ' 
8.3 
7.5 
6.3 
5.8 
4.7 
4.2 

a9 
a8 
a7 
a6 
as 


3.5  I 

a5  I 
a  4 
a4i 
ao  > 


ao  ' 

-i 

2.7  i 
2.4 

ai  i 
ao 
ao  I 
ao 
ao 

4.0  I 

4.9  I 

5.5  I 

5.6  I 
&6  I 

a. 

&5  ' 

5.9  I 

5.5  I 

5.0  I 

4.6  I 

4.41 

4.1  I 

a9  , 
a?  i 
ae 


1905. 

Nov.  i 

a5 
as 
as, 
a5 

4.1 

^•| 

ao ' 
I 
as 

a7l 

a7 

ae  I 

as 

a4 

a4 

XA\ 

a4 

a4 1 

asi 

asi 

a2! 

a2 

as 

4.2, 

4.6  I 
4.5; 

4.3! 

a9 

3.7  1 


4.0 
12 

a& 
a; 
u 
3.5 

u 
u 
u 

14 
15 
14 
14 
15 
14 
13 
10 
10 
13 
11 
11 
13 
15 
15 
15 
14 
14 
14 
15 
15 


Note.— No  ice  record  at  this  station. 

Rating  table  for  BlacJc  River  at  NeUlfwUle,  Wis.,  from  April  6  to  December  SI,  1905. 

Gage 
height. 


Feel. 
a  00 
a  10 

a20 
a  30 
a  40 
a  50 
a  GO 
a  70 
a  so 
a  90 
4.00 
4.10 
4.20 

4.30 
4.40 
4.50 
4.  GO 
4.70 


Discharge. 

Gage 
height. 

Discharge. 
Second-feet 

Gage 
height. 

Feet. 

1  Discharge. 

Gaee 
hei^t. 

Discharge- 

Second-feet. 

Fret. 

Second-feet. 

1     Feet, 

Second-feet. 

150 

4.80 

990    1 

6.  GO 

2,310 

8.40 

4,120 

177 

4.90 

1,055    1 

6.70 

2,395 

8.60 

4,230 

205 

5.00 

1,120    1 

6.80 

2,480 

1       8.G0 

4,340 

235 

1        5.10 

1.185    1 

6.90 

2,570 

1       8.70 

4,460 

267 

'        5.20 

1.250    , 

7.00 

2,GG0 

'       &80 

4,680 

301 

5.30 

1,315 

7.10 

2.750 

8.90 

4.700 

338 

5.40 

1,385    1 

7.20 

2,850 

9.00 

4,820 

379 

5.50 

1,455    1 

7.m 

2.950 

'        9.10 

4,940 

424 

5.  GO 

1,525    1 

7.40 

.3,050 

1        9.20 

6,060 

473 

5.70 

l,riOO    1 

7.  .50 

a  150 

,        9.30 

5,180 

525 

1        5.80 

1.075 

7.60 

a  250 

1        9.40 

5,300 

579 

5.90 

1.750 

7.70 

a  350 

,        9.50 

6,420 

035 

'        0.00 

1.825    1 

7.80 

3,4G0 

'        9.60 

5,540 

092 

1        0.  10 

1.905    1 

7.90 

3,570 

9.70 

6,000 

750 

0.20 

1.98.5 

8.00 

a  080 

9.80 

6,780 

810 

6.30 

2.005 

8.10 

a  790 

1       9.90 

6,900 

870 

6.40 

2.145 

8.20 

a  900 

1      10.00 

6,020 

930 

0.50 

2,22.5 

8.:jo 

4.010 

i 

The  above  table  is  Hpplicablc  only  for  open-channel  conditions .  1 1  is  based  on  six  dioohaim  mtttf^i* 
rat'nts  made  during  1905.  It  is  well  defined  between  gage  heights  3.3  feet  and  7.7  feet.  Bwoftdtb* 
Umi*„  of  the  table  the  discharge  is  only  approximate. 
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EgtimaUd  morMy  discharge  of  Black  River  at  NeUlsvilU,  Wis.,  for  1906. 


Month. 

Diflchaige  in  second-feet. 

Maximum.  |  Minimum. 

Mean. 

6-30)                                           ..           .                 

3,900 

6,910 

23,060 

4,120 

635 

4,340 

2,570 

870 

635 

177 
267 
205 
80 
60 
80 
20 
205 
150 

1,036 
1,768 
3,840 

884 

t 

229 

iber 

918 

•r 

750 

iber                                        ..                         .                       .      .. 

382 

ber  

292 

TVATER  POTVERS. 

many  years  since  Black  River  was  used  for  lumbering,  and  as  the  surrounding  country 
settled,  it  seems  likely  that  the  near  future  will  see  a  demand  for  the  available  water 
3.  These  powers,  while  not  of  the  largest,  are  so  situated  as  to  be  cheaply  developed, 
ver  has  no  large  tributaries,  but  nearly  all  its  numerous  small  feeders  are  now  developed 
ted  to  run  grist  and  saw  mills.  At  the  present  time  several  projects  are  being  exploited 
look  to  the  employment  of  these  powers  by  interurban  electric  railroads  and  other 
•rises  in  near-by  cities. 

BLACK   RIVER   FALLS. 

first  dam  in  the  river  is  at  Black  River  Falls  and  is  of  timber  construction.  The 
developed  is  owned  by  the  city  of  Black  River  Falls,  with  turbines  working  under  a 
►f  13  feet,  and  by  J.  J.  McGillivray,  with  turbines  under  a  head  of  16  feet.  The  present 
e  could  be  lowered  3  or  4  feet,  and  the  crest  of  the  dam  could  be  raised  the  same 
it  without  flooding.  This  improvement  would  give  a  total  head  of  20  feet.  The 
es  now  installed  develop  about  345  horsepower,  which  is  used  to  run  an  electric-light 
a  sash  and  door  mill,  a  wagon  shop,  and  a  gristmill. 

•ut  1}  miles  below  the  above-described  dam  is  the  site  of  an  old  sawmill  dam,  300  feet 
vhich  at  one  time  was  made  to  develop  a  head  of  7  feet. 

BLACK   RIVER   FALLS   TO   NEILLSVILLE. 

ause  of  the  high,  rocky  banks  and  high  gradient  of  this  river,  dams  of  15  to  20  feet 
'ould  be  installed  nearly  every  2  or  3  miles  between  Black  River  Falls  and  Neillsville, 
ily  a  few  of  the  largest  undeveloped  powers  will  be  described. 

first  dam  site  above  Black  River  Falls  is  located  near  the  east  line  of  sec.  2,T.21  N., 
N.,  just  below  the  Chicago,  St.  Paul,  Minneapolis  and  Omaha  Railway  bridge.  At 
3int  the  rocky  banks  form  a  narrow  gorge  and  are  high  enough  to  furnish  a  head  of  30 
*  more.  By  the  use  of  a  short  canal  this  head  could  probably  be  increased.  This  site 
j8  to  the  Black  River  Improvement  Company,  of  La  Croasc,  Wis.  Another  unde- 
id  power,  similar  in  all  respects,  for  which  a  charter  has  been  granted,  is  at  Halcyon,  in 
),  T.  22  N.,  R.  3  W.  A  30-foot  dam  here  would  back  the  water  nearly  to  Hatfield,  3 
above.  A  still  more  important  dam  site  is-  located  at  Hatfield,  just  above  the  bridge 
3  Green  Bay  and  West<»rn  Railroad.  According  to  surveys  made  recently  it  is 
•le  to  obtain  here  a  head  of  50  feet,  which  could  be  increased  to  about  85  feet  by  means 
)ng  canal.  Such  a  dam  would  create  a  large  pondage  by  backing  up  the  water  for  7 
This  would  cover  up  dam  sites  in  sec.  35,  T.  23  N.,  R.  3  W.,  and  also  the  "Dells 

in  sec.  18,  T.  23  N.,  R.  2  W.,  near  the  mouth  of  Wedges  Creek.  At  the  latter  site  a 
9f  25  feet  could  be  easily  secured. 
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In  the  G  miles  below  Neillsville,  between  the  moutlis  of  O'Neill  itnd  Cunniogham  cnAs, 
the  river  descends  80  feet,  42  feet  of  which  can  be  easily  developed  at  Ross  Elddy  npiife, 
where  a  large  part  of  this  gradient  is  concentrated.  It  has  been  proposed  to  build  a  crib 
dam  250  feet  long,  with  a  crest  of  18  feet,  at  the  head  of  these  rapids,  and  then  conduct  Uk 
water  through  a  canal  95  rods  long  (in  earth),  thereby  cutting  off  a  long  bend  of  the  rivw 
and  giving  a  total  fall  of  42  feet. a  The  outlet  of  such  a  canal  would  provide  a  faTonbie 
power  site,  free  from  any  injury  from  ice  jams. 

NEIIXSVILLE. 

The  last  important  undeveloped  water  power,  known  as  Westons  Rapids  and  owned  br 
V.  Huntzicker,  of  Neillsville,  Wis.,  is  located  in  sec.  2,  T.  24  N.,  R.  2  W.,  about  Ij  milo 
above  Neillsville.  From  the  head  of  these  rapids  near  the  north  line  of  the  NW.  }  sec.  2,  to 
the  south  line  of  same  section,  a  distance  of  about  a  mile,  the  river  descends  21.2  feet.« 
The  owner  proposes  to  locate  a  crib  dam  250  feet  long,  with  a  crest  of  18  feet,  near  the  center 
of  the  section,  and  by  making  use  of  a  canal  in  earth  600  feet  long  to  obtain  a  head  of  24 
feet.  A  franchise  has  recently  been  obtained  from  the  city  of  Neillsville  for  the  employ- 
ment of  this  power  in  lighting  the  city  and  for  other  purposes. 

HEMLOCK   DAM. 

The  most  important  developed  power  on  the  upper  river  is  in  sec.  15,  T.  27  N.,  R.  2  W. 
This  dam,  called  the  Hemlock  dam,  has  a  head  which  averages  12  feet.  Four  turbines  ir 
installed  here,  with  a  total  of  175  horsepower,  used  to  run  a  roller  flouring  mill.  The  dam 
was  originally  erected  for  lumbering  purposes. 

Because  of  the  unusually  steep  gradient  in  the  branches  of  Black  River  a  water  power  of 
from  10  to  20  feet  can  be  located  at  frequent  intervals  on  these  streams.  Several  of  the 
many  mills  in  such  locations  report  an  available  head  of  from  35  to  40  feet.  In  nearly  even- 
case  timber  and  rock  are  found  near  the  dam  sites. 

RAILROADS. 

That  jx)rtion  of  Black  River  containing  the  important  powers  is  fairly  well  served  by 
railroads.  The  river  is  crossed  by  the  Chicago,  St.  Paul,  Minneapolis  and  Omaha  RailwiT 
four  times,  and  once  each  by  the  W^isconsin  Central  Railway  and  the  Green  Bay  and  West- 
ern Railroad. 

CHIPPEWA  RIVER  SYSTEM. 

TOIHKJRAPHY  AND  DRAINAGE. 

The  Chippewa  drainage  system  has  its  source  in  over  a  hundred  lakes,  large  and  small, 
with  many  connecting  swamps,  near  the  Michigan  boundary  and  only  20  miles  from  Lake 
Superior.     The  drainage  area  has  a  length  of  180  miles,  a  maximum  width  of  90  mika, 
and  an  average  width  of  nearly  00  miles.     The  general  direction  of  the  drainage,  exceot  in 
the  extreme  westeni  part,  is  toward  the  southwest.     Cliippcwa  River  unites  with  the 
Mississippi  at  the  foot  of  Lake  Pepin,  after  a  coui-se  of  207  miles.     The  total  area  drained 
by  the  river  is  9,573  square  miles,  of  which  about  6,000  include  the  most  unsettled  region 
of  northern  Wisconsin.     This  area  inchidos  the  richest  forests  of  the  Stat«,  of  both  soft  and 
hard  timber.     Although  lumlM»ring  operations  have  Ix^en  very  active  here  for  many  years, 
considenible  pine  timber  still  remains,  chiefly  at  the  upper  headwaters,  but  it  is  fast  disap- 
pearing.    Most  of  the  large  tracts  of  pine  lands  are  owned  by  large  corporations,  and  many 
of  them  are  reached  by  long  lines  of  logging  railroads,  which  in  many  cases  have  been 
purchased  by  the  tnmk-line  railroads  and  made  a  part  of  their  systems.     The  extensive 
use  of  such  railroads  has  greatly  relieved  the  rivers  of  the  burden  of  transporting  logs,  and 
correspondingly  added  to  the  value  of  the  rivers  for  water-power  purposes. 

The  main  line  of  drainage  nms  very  nearly  along  the  central  line  of  the  basin,  but  the 
name  of  Chippewa  River  is  not  given  to  this  continuation  of  the  principal  stream.     T^e 

. 9 ■ . 

a  Authority:  C.  Stockwell,  county  surveyor. 
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iver  divides  112  miles  from  the  mouth ;  one  branch ,  the  prolongation  of  the  line  of  drainage. 
allcHl  the  Flambeau,  rises  in  the  lakes  near  the  Michigan  line,  at  an  elevation  of  a  little  over 
,600  feet  above  the  sea;  the  other  branch,  rising  farther  west  and  flawing  more  directly 
>uth,  receives  the  name  Chippewa.  The  Flambeau  drains  1,983  square  miles,  while 
hippewa  River,  above  their  junction,  drains  only  1,777  square  miles.  About  56  miles 
^x>ve  this  junction  the  Cliippewa  again  divides  into  East  and  West  branches,  the  one  flowing 
■om  the  northeast,  the  other  from  the  north,  draining,  respectively,  278  and  480  square 
liles. 

The  lakes  of  this  region  are  situated  in  two  widely  separated  groups,  one  in  the  extreme 
Drtheastem  part,  at  the  headwaters  of  Flambeau  River,  and  the  other  in  the  northwestern 
art^  at  the  headwaters  of  what  is  known  as  the  main  stream  and  of  Red  Cedar  River. 
he  remainder  of  the  area  is  almost  devoid  of  lakes.  The  wooded  regions,  however, 
iclude  very  large  areas  of  cedar  and  tamarack  swamps. 

«EOIX)GV. 

The  pre-Cambrian  crystalline  rocks  form  the  underlying  strata  in  the  area  above  Chippewa 
alls,  while  Movf  that  point  they  are  replaced  by  the  Cambrian  sandstone.  The  entire 
rea  above  Chippewa  Falls  is  covered  with  glacial  drift,  so  that  the  rock  appears  only  in 
le  river  bed.  The  country  is  level  or  rolling.  In  the  southern  part  of  the  area  the  rivers 
ave  eroded  deeply  into  the  drift  and  rock,  but  in  the  northern  portion  they  have  not  cut 
luch  below  the  surface. 

With  only  a  few  exceptions  (the  most  notable  one  at  Eau  Claire)  all  the  many  and 
nportant  water  powers  on  Chippt»wa  River  are  found  in  the  region  of  the  pre-Cambrian 
rystalline  rocks,  but  because  of  the  deep  drift  the  powers  on  the  upper  streams  occur  as 
•owlder  rapids. 

PROPOSED  RESERVOIR  SITES. 

According  to  detailed  surveys  made  by  United  States  engineers,  this  drainage  area  is 
avored  with  an  unusual  immber  of  excellent  sites  for  reservoirs.  A  list  of  these  sites,  with 
aluable  data  concerning  them,  is  given  in  the  following  table: 

Proposed  United  Statea  Government  dams  on  Chippevxi  River,  a 


Length. 

Location  and  name. 

Dam. 

Dike. 

East  Branch  Chippewa  River: 
Bear  Lake 

Feet. 
l.Ol.-i 
710 

i,2r. 

900 
2<)0 
620 

Feet. 
2(N) 

Little  Chief  Lake 

West  Branch  Chippewa  River: 

Moose  Lake 

UiO 

Pakwawang  Lake 

!!ourt  Oreiiiea 

100 

^hippewa  River,  Paint  Creek 

Total 

4.740 

250 
2,. -,00 

4()0 

Juttemut  Creek,  Butternut  Lake 

fanitouish  River,  Rest  Lake 



I'orth  Fork  Flambeau,  Bear  Creek 

2.000 

Maximum  height.      | 


Dam  above 
low  water. 


Feet. 
19.  o 
24.0 


Dike. 


Feet. 
8.5 


1 

2.5.7 

1.5 

2.'',..'',    ... 

«i..5 

5.0 

22.0  1... 

! 

10. 0    

Drainage 
area  above 
reservoir. 


Sq.  miles. 
244.5 
57.6 

214.3 

2.'i7.2 

114.0 

3,94.i.  1 


>ore  Flambeau: 

Round  Lake 

Squaw  Lake 

urtle  River,  Park  Lake. 


170 
2.50 
297 


2.50 


1.5.0 
1.5.0  I 

10.0  ' 
0.0. 
15.0 


2.5 
10.5 


10.0 


4.  S.SO.  7 

40.0 

211.f. 

154. 5 

rao 

39.0 
174.0 


Grand  total.. 


8.543  2,78.5    

iRept.  Chiof  p:ng.  U.  S.  Army,  1S80,  p.  1648. 


5,512.8 
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Proposed  United  Stales  Omyrnmerd  dams  on  Chippewa  River — Continued. 


Location  and  name. 


Supply  (one- 
third  of  30 
inches  rain- 
fall). 


Capacity  of 
reservoir. 


East  Branch  Chippewa  Kiver:       j  Cubic  feet. 

Bear  Lake \  5,677,951,910 

Little  Chief  Lake I  l,Xi7, 627,935 

West  Branch  Chippewa  River:      , 

Moose  Lake '  4,976,626,153 

Pakwawang  Lake '  5,972.880.292 

Court  Oreilles 2,647.388.621 

Chippewa  River,  Paint  Creek 91.569,456,760 


CuMcfeft. 
1,113.148,856 
771,332,009 

2,-01,783,402 

7,692,997,229 

2,647,388,621 

505,336,720 


Total 112,181.931,671  |  14.751,986,837 


Butternut  Creek,  Butternut  Lake 

Manitouish  River,  Rest  Lake 

North  Fork  Flamljeau,  Bear  Creek 
Dore  Flambeau: 

Round  Lake 

Squaw  Lake 

Turtle  River,  Park  Lake 


928,908.288  | 
4.897,100.264  | 
3,107,280,000  ; 

j 

1,382,304,000  ! 

864,230,400  ! 

4,026,198.428  ' 


585,446,400 
1,840.000,000 
5,406,567,152 

1.303,036,416 
731.808,000 
620,782,720 


Surplusover    ^^^ 


reservoir  ca- 
pacity. 


Cubic  feet. 
4.564,803,054 
^,295,926 

1,234,725.814 


91,064,120,040 


97,429.944.834 
343,461.888 

h      757,813,112 


79,267,584 

132.422.400 

3.405,415.706 


Orand  total 127, 387, 953,  aSl      25, 239, 627, 525  102, 148, 325. 526 


ervoirlor 
90  days. 


Sec-feet. 
143.1 
99.2 

[      260.0 

I      960.3 

340.4 

65.0 


1,897.0 

75.3 

236.6 

695.3 

167.6  i 
94.1  I 
79.8  ! 


Coitoi 
damiad      i 
dike. 


4B,» 


2«,a 

5.M 
7,iSS 
47.50D 

10,S5D 
4,O0D 

9,M1 


3.245.7  '     3K.S39 


It  will  be  seen  from  the  above  tabic  that  the  systematic  operation  of  these  proposed 
reservoirs  for  this  purpose  would  increase  the  ordinary  low-water  flow  of  the  river  by  3,245 
second-feet  for  ninety  days  a  year,  thus  about  doubling  the  present  available  water  pofW 
of  the  river.  Rstimated  upon  a  run-off  of  one-fourth  of  the  annual  rainfall,  assumed  it 
30  inches,  this  increase  would  be  2,800  second-feet  for  ninety  days. 

Experiments  now  being  carried  on  by  the  Government  in  Minnesota  on  five  similarly 
construct<Kl  dams  will  doubtleas  determine  whether  the  reservoir  system  at  the  headwaters 
of  the  Mississippi  will  be  extended  to  include  any  of  the  above  proposed  dams.  ProbaUj 
the  main  obstacle  to  building  such  reservoirs  at  the  present  time  by  the  Government  is  the  ] 
fact  that,  owing  to  the  settling  up  of  this  region,  the  land  has  now  become  very  valuable. 
The  total  cost  would  seem  to  Ik*  prohibitive.  That  the  owners  of  water  powers  arein 
favor  of  such  Governmental  control  is  certain.  Bedsides  adding  to  the  amount  of  poifer. 
such  a  system  would  pn»vcnt,  in  large  niea.sure.  the  danger  to  dams  by  floods.  The  building 
of  even  a  part  of  the^s(>  dams  would  have  marked  economic  value.  Already  private  ente^ 
pri.se  has  developed  some  of  the  smaller  of  these  reservoirs. 

RAILUOADS. 

The  logging  interests  of  the  river  are  controlled  by  the  Chippewa  Falls  Lumberand 
BcKun  (\)mpany,  with  hcad(|uarters  at  Chippewa  Falls,  a  thriving  city  of  about  lOfXf^ 
population.  The  largest  city  of  tliis  region  is  Eau  (laire,  population  17,517,  situated  at 
the  junction  of  Eau  (^laire  and  Chippewa  rivers.  This  city  has  numerous  manufactories 
and  .sawmills,  and  is  quite  a  railroad  center.  From  its  mouth  to  Chippewa  Falls,  Chippewa 
River  is  paralleled  by  the  Chicago,  jjilwaukee  and  St.  Paul  Railway,  and  betw^eenEau 
Claire  and  C'hip[)ewa  Falls  by  the  Chicago,  St.  Paul,  Minneaiwlis  and  Omaha  and  the 
Wi.scon.sin  Central  railways,  besides  an  electric  line.  Chippewa  River,  above  Chipped* 
Falls,  is  reached  by  the  Chicago,  St.  Paul,  Minneapolis  and  Omaha  Railway  for  a  JistaD<* 
of  al)out  25  nules.  In  addition,  the  drainage  area  is  crossed  east  and  west  by  the  Minoe- 
apolis,St.  Paul  and  Sault  Ste.  Marie  Railway  and  north  and  south  by  the  Wisconsin  Centi** 
Railway. 

Several  railroad  lines  are  projected  or  being  built  in  this  section,  and  the  agriculture* 
and  manufacturing  interests  are  fast  supplanting  that  of  lumber.     Where  the  timber  h^ 
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l^^n  cut  the  land  is  being  taken  up  by  settlers,  so  that  there  is  but  little  second-growth 
^mmber.  Tlie  people  seem  prosperous,  and  numerous  companies  are  on  the  point  of  investing 
L^uge  sums  in  the  manufacturing  interests  of  the  neighborhood,  thereby  utilizing  the 
taxdeveloped  water  powers. 

RAINFAX.L.  AND  RUN-OFF. 

The  extensiTe  forests  of  this  area  combine  with  the  numerous  lakes  and  swamps  to  give 
1^  naturally  uniform  flow  by  preventing  the  rapid  escape  of  the  rainfall  into  the  streams. 
3ince  1903  the  United  States  Geological  Survey  has  maintained  gaging  stations  near 
ESau  Qaire,  on  Chippewa  River,  and  at  Ladysmith,  on  the  Flambeau.  As  a  result  of  the 
operation  of  logging  dams,  the  minimum  discharge  is  found  to  be  only  1.6  per  cent  of  its 
■KMudmum  dischaige  for  the  year.  The  following  tables  give  discharge  data  of  Chippewa 
River  at  Eau  Claire,  covering  the  period  from  November  14,  1902,  to  August  12, 1905, 
^nd  also  a  monthly  summary  of  the  same. 

IHicharqe  measurements  of  Chippewa  River  at  highway  bridge,  Shavjtown,  near  Eau  Claire, 

Wis.,  1902  to  1905. 


«  Frozen.  *  Partly  frozen. 

Note.— Width  is  the  actual  width  of  water  surface,  not  including  piers.    Area  of  section  is  the  total 
Veto!  the  measured  section, including  both  moving  and  still  water. 


WATER   POWERS    OF    NORTHERN    WISCONSIN. 


Mean  daily  gage  heighif  in  feet,  of  Chippeuxi  River  near  Eau  Claire^  Wi«.,  iVowmier  1 1 

1902,  to  December  SI,  1905. 


a  Observer  absent.  „ 

6Rlvor  frozen  over  January  1  io  March  18, 19()4,  l)iit  open  about  200  to  300  feet  above  and  one- 
mile  below  bridge, 
cice  2,0  feet  tmek  at  gage;  1.0  foot  in  middle  of  channel. 
d  Ice  2.5  feet  thick  at  gage;  2.5  feet  in  middle  of  channel. 
^  Ice  2.0  feet  thick  At  gage;  2.0  feet  in  middle  ot  c\iai\rvv.A. 
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foge  height,  in  feet,  of  Chippewa  River  near  Eau  Claire,  Wi>.,  November  I4., 
1903,  to  December  SI,  7905— Continued. 


Jan. 


Feb.     Mar.  '  Apr.     May.    June. 




U5.00 

*5.10 

4.45 
4.07 

" 

4.45 

4.37 

a  b.  0() 

4.32 
5.62 

5.95 

6.45 

b5.30 

6.10 
5.72 

d4.70 

5.05 
5.10 

5.32 

4.36 

................... 

4.80 

4.20 

••■■,              1         -   • 

.         1   '...   . 

4.40 

4.50 

1 

4.30 

5.30 

4.30 
4.25 

4.80 





4.10 
4.50 
4.50 

5.3G 

4.65 
4.40 

4.45 

4.55 

AAu 



5.50 
6.20 

7. 10 

4.95 

7.  SO 
8.90 

10.40 

11.80 

5.17 



13.20 

8.50 
7..'>5 
7.25 
7.50 
8.38 
8. '20 
8.13 
7.4."> 
8.a5 
8.50 
9.65 
10.63 
10.45 
9.18 
9.55 
9.03 


8.00 
8.20 
7.55 
7.22 
7.55 
6.93 
10.30 
6.30 
6.83 
7.33 
9.20 
12.00 
13.48 
13.63 
12.02 
10.67 
9.20 


13.  rx) 
12.  W 


12.00 
10.20 
11.20 
10.50  ' 
10.40 
10.80 
10.20 
9.80  I 
9.20 
8.90 
8.70 
7.40 
5.75 
5.65 
6.10 
5.75 
6.20 
7.00 
5.<'jO 
5.4.3 
5.40  I 
5.  40  ! 
5.05  j 
5. ;« 
5.  .10 
♦i.  ;{0 
5.50 

4.K0  ; 

5.  Of 
4.  S.', 


7.80 
8.35 
6.25 
5.50 
5.10 
6.20 
6.50 
5.90 
5.80 
5.50 

5.55 
7.75 
7.<K) 
7. 75 
7.50 


July.     Aug.     Sept.     Oct. 


I 


I 


6.80 
5.80 
5.90 
6.50 
7.50 
6.riO  , 
7. :« 
7.riO 

7.30 
8.80 
7.W) 
7.«) 

7.  .00 
9.50 

10.70 
12.20 
12.  <M) 
12.  (X) 
10.  U) 
10.  -20 
9.  20 
H.  <<) 

s.  m 

8.(K) 

8.  10 
7.  .V) 
7.70 
7.0() 
7.  K) 
7.  I'd 


6.:» 

6.80 
6.50 
8.20 
12.10 
19.20 

19.  a) 
17.  .iO 
14.50 
13.00 
12.«iO 
11.50 
10.00 
9.40 
8.80 
S.70 
10.  20 
12.20 
ll.:«) 
10.  50 
9.  10 
0.  00 
S.  M) 
8.20 
7. :«) 
7.  .V) 
.s.  70 
7.  .s<) 


5.07 
5.55 
5.35 
5.ri0 
5.50 
5.10 
5.47 
5.a'» 
4.75 
3.93 
4.07 
4.90 
4.80 
5.00 
4.88 
6. 45 
5.00  I 

6.80 
7.40 
6.30 
6.20 
6.90 
10.  40 
10.  60 
11.30 
10.10 
7.00 
8.10 
6.90 
6.90 
7.20 
7.10 
7.W) 
r..  80 
6.  TjO 
«•).  <10 

r».  70 

»i.  00 
6.40 
5.70 
6.  10 


4.4.^1 
.").  .10 
4.  45 
4.  ;i.3 


I 


3.80 

4.  .V> 

4.82 
4.65 
4.78 
7.20 
5. 25 
4. 75 
4.(>8 

A.m 
5.00 

5.40 
8.  15 
3..W 

5.  .55 
4.92 
4.52 

6.80 
5.75 
4.  3,5 

4.  .35 
4.75 
5.10 
5.25 
5.05 

5.  .30 
5.90 
4.90 
5.  45  ' 
5. 10  j 
5.  :i.5  ' 
.'i.  70 

4.  45 
4.45 

5.  »iO 
5.  25 
7.40 
7.;«)  ^ 
8.W 

5.  85 
6.20  ' 

6.  40 

M. ;«) 

5.  30 
5.  00 
7..S0 
•1.  20 
(i.  20 


5.38 
5.42 
7.10 
4.80  , 
4.80  \ 
4.27  I 
4.30 

4.  r. 

5.  10 
4. 24 
5.  H\ 
8.18  I 
7.(il 
6. 93 
9.81 
6.65 


6.50 
6.20 
5.30 
6.10 
6.80 
(i.  50 
6. 10 
5.  <i5 
5.  75 
5.10 
4.W 
5.  .35 
♦i.90 
5.  S.") 

5.  40 

7.70 
10.  70 
7.00 
10.  10 
10.  SO 
10.  .10 
9.  20 
8.40 
<i.  .V) 
H.  .'lO 
i\.  00 
().00 
7. '.10 

6.  20 


10.30 
9.17 
8.10 
8.00 
7.08 
6.85 
8.35 
9.25 
9.42 
9.00 
8.78 
7.81 
8.02 
7.22 
7.55 

7.:w 

6.8;-| 

5.15 
5.55 
7.80  ' 
5,55  ; 
4.90  j 
4.90  I 
7.50  1 
5.00  \ 
4.85 
4.80 
5.50 
7.90 
6. 20 
5.  IK) 
5.25 
T).  40 
7. :« 
7.80 
7.90 
8.  95 
8.  ri) 
8.  W 

5.  35 
7.W 
7.  .')5 
7.  '20 
7.10 
7.00 
ti.  TiO 

6.  .iO 
6.40  ' 


Nov. 


6.26 

5.42 

5.30 

5.47 

5.20 

4.98 

5.28 

,5.23 

5.74 

4.77 

4.94 

5.10 

4.85 

4.55 

4.54  I 

4.46 


Dec. 


4.34 
4.32 
4.15 
4.19 
4.  .53 
4.20 
4.34 
4.37 
4.55 
4.38 
3.31 
4.10 
4.55 
(0 


5.70 
6.15  \ 

5.  45 
5.75 
5.65 
5.75  , 
6.10  ; 
6.30  I 
6.05  I 

6.  10 
6.50 
5.50  , 
5.70 
5.80 
5.20 
6.20 
.5.  .50 
6.00 
5..''j0 
5.45 
.V40 

4.  60 

5.  'JO 
5. 00 
5.  20 
5.  70 
♦').  05 
5.70 
5.70 
5.00 


4.75 
5.15 
4.85 
5.65 
4.40 
5.40 
5.40 
5.90 
5.85 
5.35 
5.30 
5.30 
5.30 
5.25 
5.00 
4.fiO 
4.70 
4.80 
4.70 
4.70 
4.«i5 
4.85 
4.55 
4.60 
4.  10 
4.80 
4.(iO 
4.  (.5 
4.  .'i,') 
4.70 
4.70 


licker  at  .«?age:  1.0  foot  in  riii'ldlc  of  chamii'i. 
lick  at  gHKc:  2..')  ffH>t  in  nii«'<ll*'  of  cliiinncl. 

Decnmbor  '28  to  \\\. 
aick  at  gagn:  ''.O  f'ot  ;..  Miiddlf  <»f  channol. 

entirely  across  a^  'Jiugc  ./anuary  I  to  Kohnmry  '2h-.  Match  \  \o  \"  ,\co  \?.Tviv\\\«\V3  ^V^«l^ 
ess  of  ice,  2  to  2.0  iect.    Gage  hciKiits  are  to  water  surlaec  \u  a  Yv^A^  Vii  V>Rft 'v». 
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WATER   P0WEB8   OF  NOBTHEBN   WISCONBIN* 


Rating  table  for  Chippewa  River  near  Eau  Claire f  Wis.,  from  November  SO,  190gf  to  Mat 

12,  1903.a 


Discharge. 

Gage 
height. 

Second-feft. 

Feet. 

840 

4.0^ 

940 

4.1 

1,066 

4.2 

1,190 

4.3 

1,335 

4.4 

1,490 

4.6 

1.665 

4.6 

1,826 

Discharge, 


Second-feet. \ 

1,985  I 

2,166  I 

2,346  , 

2,636  ^ 
2,736 
2,940 

3,160  ' 


^%.  ■r>i>cb^. 


Feet. 
4.7 
4.8 
4.9 
6.0 
6.1 
6.2 
6.3 


Second-feet. 
3,370 
3,610 
3,860 
4,110 
4,370 
4,630 
4,890 


Gace 
ight. 


1  heig] 


i  Feet. 
6.4 
6.5 
5.6 
6.7 
6.8 
6.9 
6.0 


Discharge. 


Second-feet. 
5,160 
6,410 
5,670 
5.930 
6,190 
6,450 
6.710 


o  To  be  used  only  when  river  is  frozen. 

Rating  table  for  Chippewa  River  near  Eau  Claire,  Wis.,  from  March  1£,  1903,  to  Deambtr 

1,  lOai. 


Gage 
heiSt. 

Discharge. 

Feet. 

Second-feet. 

3.8 

2,160 

3.9 

2,340 

4.0 

2,630 

4.1 

2,730 

4.2 

2.930 

4.3 

3,130 

4.4 

3.330 

4.5 

3.640 

4.6 

3,760 

4.7 

3,960 

4.8 

4,200 

4.9 

4.420 

6.0 

4.640 

6.1 

4,860 

6.2 

6,000 

5.3 

5,330 

6.4 

5,570 

5.5 

5,810 

5.6 

6,050 

Gage 
[leight. 


heig] 


Discharge. 


Feet. 
6.7 
6.8 
5.9 
6.0 
6.1 
6.2 
6.3 
6.4 
6.6 
6.6 
6.7 
6.8 
6.9 
7.0 
7.1 
7.2 
7.3 
7.4 
7.5 


\Second-feet. 
I  6,290 

{  6,630 
6,770 
7,010 
7,270 
7,630 
7,790 
8,060 
8,310 
8,570 
8,830 
9,090 
9,360 
9,610 
9,890 
10,170 
10,450 
10,730 
11,010 


height. 

Feet. 
7.6 
7.7 
7.8 
7.9 
8.0 
8.2 
8.4 
8.6 
8.8 
9.0 
9.2 
9.4 
9.6 
9.8 
10.0 
10.2 
10.4 
10.6 
10.8 


Discharge.      ^^W      Discharge. 


Second-feet. 
11,310 
11,610 
11,910 
12,210 
12,510 
13,160 
13,790 
14,460 
16,130 
16,810 
16.630 
17.250 
17,990 
18,780 
19,510 
20,270 
21,030 
21,790 
22.550 


heig] 

Feet. 
11.0 
11.2 
11.4 
11.6 
11.8 
12.0 
12.5 
13.0 
13.6 
14.0 
14.5 
16.0 
15.5 
16.0 
16.5 
17.0 
17.5 
18.0 


L 

Second^ed. 

i  23.310 
24,070 
24,830 
26,500 
26.350 
27,110 
29,010 
30.910 
.12.810 
34,710 
36.610 
38,510 
40,410 
42,310 
44,210 
46,110 
48,010 
49,910 


Rating  table  for  Chippewa  River  near  Eau  Claire,  Wis.,  from  January  1  to  December  31,  ^ 


Gage 
height. 

Discharge.  , 

hei^t. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Fert. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet.^ 

Feet. 

Second-feet. 

4.0 

1.780    1 

5.1 

4.390 

6.4 

8,100     1 

9.0 

16,680 

4.1 

1,980     ; 

5.2 

4,660    1 

6.6 

8,720 

9.5 

18.380 

4.2 

2,180    1 

5.3 

4,930    1 

6.8 

9,350    ll 

10.0 

20,080 

4.3 

2,390    1 

5.4 

6,200    1 

7.0 

9,990    1 

10.5 

21,780 

4.4 

2,610    1 

5.5 

5,480    i 

7.2 

10,650    1 

ILO 

23,480 

4.5 

2,840 

5.6 

5,760    , 

7.4 

11.310    , 

11.5 

25,210 

4.6 

3.080 

5.7 

6.040 

7.6 

11.970    ' 

12.0 

26,960 

4.7 

3,330    ! 

5.8 

6.320 

7.8 

12.6.30    II 

13.0 

30,600 

4.8 

3.590 

5.9 

6.610 

8-0 

13.290 

14.0 

34,480 

4.9 

3.850 

6.0 

6.900 

8.5 

14,980    ,, 

16.0 

40,000 

5.0 

4.130 

6.2 

7,«0| 

; 
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r  tahUfor  Chippewa  River  near  Eau  Claire,  Wis.ffiwn  January  1  to  December  31, 1906. 


Gace 
height. 

Feet. 
3.50 
3.60 
3.70 
:J.80 
3.90 
4.00 
4.10 
4.20 
4.30 
4.40 
4,50 
4.tiO 
4.70 
4., SO 
4.00 
rxOO 
5.10 
5.20 
5.  .30 


Discharge. 'i  ^^^^      Discharge. 


Second-feet. 

'     750 

900 

1,170 

1,380 

';  1.590 
1,800 

,  2.010 
2,220 
2,430 
2,640 
2,850 
3.070 
3,290 
3,510 
3,730 
3,950 
4.170 
4.390 
4,(il0 


90U      I 


beig] 

Feet. 
5.40 
5.50 
5.60 
5.70 
5.80 
5.90 
6.00 
6.10 
6.20 
6.30 
6.40 
(V.50 
6.60 
6.70 
6.80 
6.90 
7.00 
7.20 
7.40 


Second-feet. \ 
'         4,830    i 
I         5.050 
'  5,280    I 

I         ^510    , 

5,740 
i  5,970 

!         6,200 
I  6,430 

!  6.6<i0 

!  6,900 

I  7,140 

!  7,380 

I  7,630 

1  7,880 

8.130 
8.390 
8.650 
9,180 
9,720 


Gage 
height. 

Feet. 
7.60 
7.80 
8.00 
8.20^ 
8.40 
8.60 
8.80 
9.00 
9.20 
9.40 
9.60 
9.80 
10.00 
10.20 
10.40 
10.60 
10.80 
11.00 
11.20 


i 
Discharge. 

1 

Gage 
helSt. 

Discharge 

Second-feet! 

Feet. 

Second-feet. 

10,290    ' 

11.40 

22,410 

10,870 

11.60 

23,160 

11,450    1 

11.80 

23,950 

12,030 

12.00 

24,750 

12,610    I 

12.20 

25,550 

13,200    1 

12.40 

26,350 

13.800    , 

12.60 

27,150 

14,400 

12.80 

27,950 

15,000 

13.00 

28,750 

15.620    ' 

13.20 

29,560 

16.260 

13.40 

30,390 

16,920    ' 

13.60 

31,240 

17,600 

13.80 

32,110 

^18,280 

14.00 

33,000 

18,«i0 

14.20 

33,900 

19,640 

14.40 

34,800 

20,320 

14.60 

35,700 

21.000 

14.80 

36,600 

21,690    1 

uhove  table  is  applicable  only  for  open-channel  conditions.    It  is  based  on  15  dischaj^  measure- 
made  during  1904-5.    It  is  well  define  "  " 
xtcnded  beyond  these  limits. 


It  is  woil  defined  between  gage  heights  5  feet  and  13  feet.    The  table  has 


Estimated  monthly  discharge  of  Chippewa  River  at  Eau  Claire,  Wis.,  1902  to  1905. 
[Drainage  area,  6,740  square  miles.] 
Discharge. 


Date. 


1902. 


inlxT  14-29. 
n»>er  r>-31  . . 


1903. 


lary . 

ti.... 


ist.... 
•mber. 
twr.... 


Maxi- 
mum. 


Mini- 
mum. 


I  Run-off. 

\      Per      '  Ralnfall.o 

Mean.    ,  square   i   Depth. 

I  mile. 


Sec-feet.   Sec-feet. ,  Sec-feet.  Sec-feet. 


I 


730 
940 
520 
070  ' 

970  ' 
990  ! 
650  i 
500  I 
SIO  , 
7H0 


1,190 
995 
840 

8.  aw 

11,460 
2,070 

3,m) 

6,170 
6,770 


^«  I 


14,a35  , 

2,789 

I 

2.  .593 

2,023 
11,573  ' 
11.240  ' 
24.761 

8,720  I 
14,608 

8,602 
19.  .584 
13..-)24 


2.20 
.41 

.38 
.30 
1.72 
1.67 
3.67 
1.29 
2. 18 
1.2S 
2.00 
2.01 


Inches. 

1.39 

.41 

.44 

.31 
1.98 
1.86 
4.23 
1.44 
2.51 
1.48 
X  24 
2.;?2 


Inches. 
5.82 
1.92 

.45 

.86 
2.28 
3.07 
6.45 
1.95 
7.70 
5.35 
7.58 
3.57 


ainfall  for  1902  and  1903  is  the  average  of  the  nrorded  prt*cipitfttic>n  at  th«»  following  stations: 

ernut.  Ilayward.  Mcdford,  Barron,  and  Eau  Clain^  that  for  i{k)4  iuclud«'s  the  same  stations  with 

(Iditlon  of  Stanley  and   Prentitf. 

ay  31  estimated. 

to  6.  inclusive,  estimated. 

JBR  156—06 7 
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EHimaied  monthly  discharge  of  Chippewa  River  at  Eau  Claire,  Wis, ,  190£  to  1905— CJootmnei 


Date. 


November. 
December.. 


The  year. 


1904. 


Discharge. 


I 


Run-ofl. 


Maxi-         Mini- 
mum,       mum. 


Sec-feet.   Set.-feet. 


5,t»0 
3,980  , 

51,810  I 


2,830 
1,055 


I  Per  ;  jRaliitall 

Mean,    i  square  |  Depth. 

'  inch.  I 

1  1  I  _ 


Sec-feet.  I  Sec-feet. '   Inches.  ;  Jncka. 


4,562  1 
2,855  I 


.42 


0.76 

.48 


840 


January 

February 

Marchl9-31 8,255 

April 22,220 

May 32,900 

June 1  24,510  ' 

July i  21.170 

August I  13,790 

September '  19,430 

October |  40,400 

November i  9, 478  ' 

December  1-27 '  2,960 


1,920 
7,640 
7,790 
4,390 
1,647 

650 
2,264 
3,642 
2,748 

380 


10,395  I    1.54 


21.05 


I 


I 


4.622 
14,590 
16,960 
12,600 
8,525 
3,778 
7,801 
15,170 
5.576 
2.230 


.686 
2.16 
2.52 
1.87 
1.26 

.561 
1.16 
2.25 

.827 

.331 


The  year. 


.1. 


1905. 

March  18-31 31 ,  240 

April ; I  24,750 

May 1 28.350  \ 

June 60.520 

July 22.050  1 

August j 14,100  ' 

September 20. 320 

Octolwr 1 14.250  [ 

November , 7. 380 

December 5, 070 


2,640  I 

3,510 ; 

5,740  ' 
5,625 
2.535 
2.535  ! 
3.730  ' 
3.510  I 
3,070 
2.010  . 


13,610 
10,184 
12,666 
20,368 
8,826 
5,867 
8,070 
8,041 
5,437 
3,821 


!| 


2.41 
2.90 
2.00 
1.45 

.647 
1.29 
2.59 

.923 


2.00 
1.51 
1.88 
3.02 
1.28 
.870 
1.33 
1.19 
.807 
.667 


a96 


1.05 
\.» 
101 
iS 
6.14 
3.U 
127 
l» 
5.9 
.17 
1.7J 


3S.41 


L0« 
l.» 
2.  IT 


AVATEU  POWEltS. 

CniPPEWA    BEIX)W   JUNCTION    OK   FiJiMBEAU   RITER. 

Topograph]/  and  drainage. — The  following  descriptions  of  the  water  powers  on  Chippi'f^* 
River  l)otwj»en  its  mouth  and  the  junction  with  Flambeau  River  were  largely  obtained fn**' 
a  manuscript  report  of  a  hypsometric  survey  of  this  part  of  the  river  made  by  the  Unit^ 
States  (leolopical  Survey  during  the  summer  of  19(X3.a     Between  the  mouth  of  the  river 
and  Chippewa  P'alls  a  very  careful  primary  level  was  run.  while  lK»t ween  Chippewa  Falls »»" 
tin*  mouth  of  the  Flambeau,  in  addition  to  taking  levels,  a  topographic  survey  was  made^ 
the  river  bank  and  the  area  immediately  adjacent.     Between  the  mouth  of  the  Ghippc^ 
and  that  of  the  Kau  Claire,  a  distance  of  ASA  miles,  this  survey  .showed  that  there  w»S  * 
des<«ent  at  low  water  of  about  KXi  feet ,  or  about  2.3  feet  jxt  mile.     Because  of  the  unifonni^^ 
of  this  low  gradient ,  and  bIso  lH'caus<»  of  the  width  of  the  stream  and  of  the  adjacent  botto*^ 
lands,  there  an*  no  opportunities  for  water  |x)wers  until  Eau  Claire  is  reached.     Details''' 
descent  and  apportionment  of  dniinage  areas  are  shown  in  tin*  f^>llowing  tables: 

1  Tho  survoy  of  that  porti{»n  of  the  rivorlH^twwn  Watkins  Laiuling.  Miiim'sota.and  Chippewa  FalU 
Wis.,  was  \uu\or  th(>  charpp  of  (irographor  J.  H,  Renshaw.  .Vbovo  Chippew^*  Falls  the  work  Waal 
charge  of  Geographer  11.  M.  Wilson. 
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PrpfiU  of  Chippewa  River  from  ila  numth  to  sources  of  East  and  West  hranehes.a 


SUtlOZL 


Distance. 


From  I  Between 
mouth.,  points. 


Keeds  Landing. 


K»a  ClJLiffi  Rivpr^  mouth 

Daite.«  pntH^r  mil\»: 

Foot  of  dam 

Head  of  dam 

Chippewa  Falls: 

Foot  of  dam 

Head  of  dam 

Yellow  River,  mouth 

Kagle  rapids: 

Foot 

Head 

Water  level 

Rapids,  foot 

Jfan  Falls: 

Foot 

Head 

I^olton  rapids: 

Foot 

Head 

Bob  Creek 

::hevalley  rapids: 

Foot 

Head 

Brunett  Falls: 

Foot 

Head 

Fisher  River,  mouth 

llolcombe  rapids: 

Foot 

Foot  of  dam 

Head  of  dam,  water  level 

Dn^rtuhl  L,  rm'k,  inmiih       

daniKieau  KItpf  jiinct ton 

BfijHS  Pcc.  2S,  T   1?  N     U.  6  \V 

Bast  and  West  branches  Junction 

EAST  BRANCH. 

Goose  Eye  rapids  head  (foot  Little  Chief  I^ke)  . 
Snaptail  rapids  (Hunters  Lake): 

Foot 

Head : 

BUisdells  Lake 

Cedar  rapids: 

Foot 

Head 

»*arLake 

'thority:  Nos.  1,  Mississippi  River  Comniission; 
engineers. 
?"  Water. 
^  Water. 


MUei. 


45.5 
4S.8 

49.4 
49.4 

64.4 
64.4 
69.9 

72.4 
73.6 
75.1 
77.4 

80.1 
81.0 

82.3 
83.6 
87.3  ' 

90.1 
91.3 

91.4 
92.4 
93.9 


97.6 
97.  fi 
104.1 
107.7  , 
124. 2 
lfi2. 7 


MUes. 
0 

3.3 

.6 
10.0 

14.5 

50.0 

5.5 

2.5 
1.2 
1.5 
2.3 

2.7 
.9 

1.3 
1.3 
3.7 

2.8 
1.2 

.1 
1.0 
1.5 

3.2 

.5 

.0 

-fi.T) 

3.  r> 

1H.:> 

.js.  r. 


I        Deaoent 
Eleva-     between  points. 

tion      : 

above 


sea-level.!  Total. 


Per 
mile. 


Feet. 

teeo 

C664. 
770.0 
770.0 


::i 


Feet.       Feet. 


772.0  . 
793.0  ' 


806.0 
830.0 
852.0  i 


854.0 
867.0 
871.0  , 
881.0  \ 


106.0 
.0 


2.0  I 
21.0  I 

14.0  : 
33.0  I 
13.0 


2.0  j 
13.0  ; 

4.0 
10.0 


901.0 

20.0 

936.0 

35.0 

942.0 

6.0 

945.0 

3.0 

954.0 

9.0 

961.0 

7.0 

966.0 

5.0 

967.0 
993.0 
995.0 

1,004.0  j 

1.020.0 

1,036.0 

l.aV).0 

1,0.10.0 

i.aio.o 

1,2S0.0 


1.0 

26.0 

2.0 


2.0 


i,:r2;i.4 

l..T2.-,.2 

i,:{i'.x.H 

1,374.. I 

1.4<M.0 
1,420.0 
1.4:W.9  i 


9.0 
16.0 
16.0 

.0  I 
14.0  , 
0.0 
221.0 


43.4 


1.8 
4.H.  6 


29.  .'> 
Hi.  0 
12.9 


2.3 
.0 

3^ 


LO 
2.4 


10.8 
2.7 
4.3 

7.4 

ao.o 

4.6 
2.3 
2.4 

2.5 
4.2 

10.0 

26.0 

1.3 

2.7 
32.0 


.0 
4.0 

.5 
5.6 


21.7 


.1     164.7 

\m.  7 
16S.  2 
.      170. 7 

MW.'l 

.     17:>.7 

17S.2 
-27,  U.  S.  (;«•()!.  Survey;  28,  David  Kirk;  29-47 


29.0 
2.3 


11.8 
6.4 
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Profile  of  Chippewa  River  from  its  mouth  to  sourcea  of  East  and  West  hranehes. — Continiwd. 


No 


Distance. 


Descent 
between  poinu. 


Station. 


I  From 
mouth. 


EAST  BBANCH.— Continued.  Mile*. 

River,  water  level 181. 7 

Pelican  Lake 186. 7 

River,  water  level,  sec.  19,  T.  42  N.,  R.  2  W 190. 2 

Glidden  Station I  201. 7 

Source  of  river '  223. 7 


1 


WEST  BRANCH. 


Proposed  U.  S.  dam \  164.5 

Pakwawang  Lake .• 168. 7 

Moose  Lake: 

Proposed  U.  S.  dam |  178.7 

Water  level I  178.7 

Partridge  Crop  Lake i  185. 7 

Source  of  river i  205. 7 


Distances  and  drainage  areas  of  Chippewa  River. 


Rlver.a 


East  and  West  branches  (Junction) . 

Court  Oreillps 

Thornapple  (above  mouth) 

Flambeau: 

Above  mouth 

Mouth 

Yellow: 

Above  mouth 

Mouth 

Eau  Claire: 

A'bovc  mouth 

Mouth 

Re<l  Cedar: 

Above  mouth 

Mouth 

Chipi)owa 


Distance 
from  the 
junction  of  I  t^^5„^«. 
East  and     J^^^SL 
West       1  *^,1$?^ 
branches,  i    »^^»°°- 

map 
measure.    ' 


Miles. 


I  Sq. 


0 
14 
36 

53 
53 

90 
90 

113 
113 

142  I 
142  I 
165  I 


1,777 
3.761 

4,9» 
5,384 

5,760 
6,699 

7.004 
8.961 
9,573 


1  Station  is  at  mouth  of  rivrr.  unh^Bs  othorwiso  stated. 


Eau  Chirr .—  T\\e  first  dam  site  is  Icx-nted  about  2^  miles  Ix^low  the  mouth  of  Eiau  Claire 
Rivor.  Acrording  to  a  recent  survey  by  the  city  engineer,  a  head  of  7  feet  could  be  obtained 
here.  On  ac<'o\int  of  its  proximity  to  the  city  of  Eau  Claire,  this  power  would  have  especial 
value.  Before  improvement  there  were  two  rapids  in  the  river  l)etween  E^u  Claire  and 
Chippewa  Falls,  one  1.25  miles  al>ove  the  Eau  Claire,  called  the  Ix)wer  DaUes,  with  a  descent 
of  lOi  feet  in  a  little  over  2  miles;  the  other  about  4  miles  l)elow  Chippewa  Falls,  called  the 
Upper  Dalles,  with  a  descent  of  9  feet  in  about  2  miles. 


2S    O 

i'A 


19A9I   Vdti   UWaUl   9AOqV    !)dd^ 


© 

o 


nwaquiBi  J  v 

aquiooio^ 

h 

8|IBj  ^uunj^ 

k 

\ 

\^ 

\ 

u.vkaddiqj 

JO  a;ij\ 

1 

l_ 

1 

a[li.vXi«j 

1 

1 

1 

1 

lllH  P"'^* 

>a\ 

1 

s 


o 

z 
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le  dam  2  miles  above  Eau  Claire,  owned  by  the  Dells  Paper  and  Pulp  Company,  is'of 
iquare-timber,  crib  type  on  a  sandstone  foundation.  It  is  about  600  feet  long,  19  feet 
,  3  feet  wide  at  the  top,  and  with  a  base  of  about  8  feet.  Eight  splash  boards  are  used 
le  crest  when  necessary,  giving  a  head  of  26  feet.  It  would  be  possible  to  increase  the 
iit  of  the  dam  so  as  to  develop  32  feet,  and  a  bill  authorizing  this  increase  is  now  (March, 
•)  pending  before  the  State  legislature.  Such  a  dam  would  back  the  water  nearly  to 
pewa  Falls,  15  miles  above,  greatly  adding  to  an  already  very  large  pondage.  This  is 
most  important  manufacturing  plant  on  the  river.  The  turbine  instaUation  is 
rted  as  follows: 

DdU  Paper  and  Pidp  Company*8  turbine  ingtaUation,  2  miles  above  Eau  Claire. 

rpose.  Horsepower. 

T  mill 1, 396 

.mill : 4,918 

trie  light  and  power 1, 632 

erwoiis ' 300 

8,246 

nppewa  Falls. — In  the  14)  miles  between  the  Dells  dam  and  Chippewa  Falls  no  power 
an>  found,  the  river  having  a  nearly  uniform  slope  of  1  foot  to  the  mile.  At  the  latter 
»,  however,  is  a  wooden  dam  800  feet  long,  with  a  head  of  30  feet,  owned  by  the  Chip- 
i  Falls  Lumber  and  Boom  Company.  Tliis  dam  supplies  power  for  a  large  sawmill 
also  a  plant  furnishing  the  city  of  Chippewa  Falls  with  water  and  electric  light.    The 

could  be  made  several  feet  higher,  as  *he  local  conditions  are  favorable,  but  this 
d  interfere  with  a  proposed  plant  at  Paint  Creek  rapids,  2^  miles  upstream,  to  which 
t  the  water  now  backs.  The  owners  have  developed  only  about  20  feet  of  head,  but 
could  be  increased  to  the  full  head  of  30  feet  by  blasting  and  cleaning  out  the  river  to 
vagon  bridge  below.    The  power  and  light  company  leases  1,000  horsepower,  using  a 

of  29  fwt. 

le  next  rapids,  known  as  Paint  Creek  rapids,  are  2J  miles  above  the  Chippewa  Falls 

A  flooding  dam  526  feet  long,  with  a  crest  lOJ  feet  above  low  water,  was  formerly 

ktained  here.     A  dam  about  800  feet  long,  with  a  head  of  14  feet,  could  be  constructed 

e  foot  of  the  rapids  at  this  point.     The  banks  and  bed  appear  to  be  sand,  intermingled 

large  bowlders.  Stone  for  construction  is  abundant  and  near  at  hand,  and  it  is 
k'  tliat  a  rock  foundation  could  be*  easily  obtained. 

igle  rapids,  4 J  miles  farther  upstream,  in  lot  3,  sec.  16,  T.  29  N.,  R.  8  W.,  is  a  good 
for  a  dam,  owned  by  F.  (i.  &  C.  A.  Stanley,  of  Chippewa  Falls.  A  dam  60  feet  long 
20  feet  high  would  back  the  water  three  fourths  of  a  mile  above  the  city  of  Chippewa 
;,  where  O'Neils  Creek  enters  from  the  west.  One  mile  above  the  mouth  of  O'Neils 
k,  in  sec.  10,  T.  29  N.,  R.  8  W.,  is  a  gorge  700  feet  wide,  where  a  25-foot  dam  would 

solid  sandstone  for  foundations  and  abutments  and  would^back  the  water  almost 
le  foot  of  Jim  Falls,  5  miles  above.     Such  a  dam  would  develop  5,000  theoretical 
-'power. 
m  Falls. — Near  the  small  station  of  Jim  Falls,  on  the  Chicago  and  Northwestern  Rail- 

<x'cur8  the  best  opportunity  for  water-power  development  on  Chipp<»wa  River.  It  is 
*d  by  W.  L.  Davis,  of  Eau  Claire.  Formerly  an  old  flooding  dam  was  located  here, 
river  flows  over  a  series  of  granite  ledges  1  to  4  feeH  high,  while  the  banks  seem  to  be 
e  same  rock,  covered  by  a  few  feet  of  sandy  soil.  This  power  is  now  und(^r  develop- 
t,  a  company  having  purchased  all  t^e  land  needed.  The  propased  dam,  28  feet  high, 
^e  located  at  the  head  of  the  rapids.     It  is  design<»d  to  furnish  power  for  a  pulp  mill 

the  foot.  The  total  head  obtained  by  this  plant  will  be  55  feet.  Fig.  4  shows  the  plan 
le  proposed  development.  Water  is  to  ho  ccmducted  from  the  dam  by  a  canal  extend- 
>n  the  left  bank  for  a  dLstanc4»  of  about  5,000  feet  to  high  bluffs  100  feet  from  the  river 
t.    The  power  house  will  be  on  the  river  bank  immediately  below.    The  dam  will  back 
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the  water  nearly  to  Brunett  Falls,  9)  miles  above,  and  will  cover  the  Colton  and  Cbevalk 
rapids. 

Brunett  FaUs. — One  of  the  best  powers  on  Chippewa  River,  and  one  most  cheaply  dev« 
oped,  is  found  at  Brunett  Falls  (PI.  Ill,  B),  located  in  sec.  18,  T.  31  N.,  R.  6  W.     It  belon] 


Fig.  4.— Plan  of  i>ropost»d  water-power  (U'velopinent  at  Jim  Falls  (Davis  Falla). 

to  Cornell  Univorait y,  which  also  owas  the  adjacent  land  as  well  as  the  water  rights.    Th 
be.st  location  for  the  dam  would  he  about  6o0  feet  above  the  fo<:»t  of  the  n^ids,  where 
35-f(X)t  dam  would  back  the  waU'r  up  to  the  rapids  at  Holcombe,  oj  miles  above.      Th 
river  at  the  dam  site  is  narrow  (70  or  80  feet),  while  the  banks  are  high,  granite  ledge 
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ere  would  create  a  large  reservoir.  It  is  stated  that  the  plans  contemplate  a  dam 
long.  A  steel  wagon  bridge  has  recently  been  built  across  the  river  immediately 
e  dam  site. 

nbe  dam. — ^The  next  power  is  at  Holcombe,  about  3  miles  below  the  mouth  of  Jump 
here  the  Chippewa  Falls  Lumber  and  Boom  Company  maintains  a  timber  dam,  with 
i  about  17  feet.  This  is  the  third  dam  that  has  been  built  here,  the  others  having 
thed  out  by  freshets.  As  the  lumber  interests  are  fast  declining,  the  present  dam  is 
owed  to  decay.  For  power  purposes  it  should  be  replaced  by  a  more  substantial 
'.  The  river  here  has  a  rock  bottom,  with  rather  low  clay  sides,  but  an  18-foot 
lid  be  constructed  on  the  site  of  the  present  structure,  which,  together  with  a 
iam  at  the  foot  of  the  rapids  just  below  (sometimes  called  Little  Falls),  would 
about  all  the  head  at  this  point  and  would  not  flood  any  more  valuable  lands  above, 
lid  back  the  water  above  Deertail  Creek  and  furnish  considerable  storage. 
of  Flambeau. — Of  the  14  feet  of  descent  in  Chippewa  River  between  Holcombe 
mouth  of  the  Flambeau  10  feet  are  concentrated  in  the  first  mile  below  the  latter 
[t  IS  very  likely  that  a  dam  on  this  reach  would  easily  develop  15  feet  of  head, 
worthy  of  note  that  all  the  water  powers  on  Chippewa  River  tlius  far  described 
led  by  one  or  more  railroads.  Because  of  their  availability  many  of  the  above 
ire  likely  to  be  developed  in  the  near  future.  Their  importance  is  emphasized 
allowing  statement:  Of  the  244  feet  descent  in  the  Cliippewa  l)etween  Chippewa 
d  the  mouth  of  the  Flambeau,  116  feet  are  concentrated  in  5  falls  and  rapids, 
ding  of  10  dams  would  economically  develop  a  total  of  213  feet  head  in  this  dis- 
43  miles.  When  fully  developed  these  powers  will  rival  in  importance  the  extensive 
nents  on  lower  Fox  River  between  Appleton  and  Green  Bay. 

BRANCHES   AND  UPPER   WATERS. 

raphy  and  drainage. — The  following  statements  in  regard  to  the  water  powers  of 
pppewa  River,  not  being  based  on  a  hydrograpliic  survey,  are  necessarily  incom- 
>tatements  concerning  profile,  etc.,  are  based  on  the  survey  and  maps  of  this 
lade  in  1880  by  United  States  engineers  in  connection  with  the  reservoir  surveys, 
and  drainage  area  data  are  shown  in  the  following  table : 

Ijength  and  drainage  area  of  the  upper  tributaries  of  Chippewa  River. 


Rlvor. 


(map 
measure). 


Drainage 


I    Miles.     8q.  miles. 

moh  of  Chippewa ,  35  '  480 

nch  of  Chippewa ^  TiO  '  278 

?iilea 20  '  176 

1 1  155  '  1 .983 

65  '  721 

'  65  '  458 

« 65  '  899 

r '  95  I  1,957 

1  I 


16J  miles  between  tlio  mouth  of  tiio  Flaml)oau  and  Bnioe  Chippewa  River  descend^^ 
foot  per  mile,  hut  in  the  38^  iniles  Iwlwoen  Bruce  and  the  ronfluenre  of  Kust 
It  branches  of  the  Chippi'wa,  in  s;v.  2,  T.  39  N.,  R.  fi  W.,  tiio  river  descends  210 
average  of  5.6  feet  p<'r  mile.  Tiiis  steep  gradient  is  certain  to  produce  many 
wers.  This  rea<'li  is,  1iow<'V(t,  devoid  of  railroads  except  a  few  logging  roads. 
;he8e  imdeveloped  pijwrrs,  cullrd  Bclills  Falls,  is  locat<'d  in  sec.  20,  T.  38  N., 
Its  owner,  the  John  Aq)in  LuinlM»r  Company,  reports  that  this  power  is  capable 
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of  producing  a  head  of  about  30  feet.    It  is  near  Radison,  on  the  Cliicago,  St.  Paul,  Min- 
neapolis and  Omaha  Railway. 

East  Branch  of  Chippeuxi. — Three  important  rapids  occur  in  East  Branch  of  Cfaippev* 
River.  Between  Little  Chief  Lake  and  the  confluence  of  East  and  Wost  branches,  a  dis- 
tance of  2.7  miles,  then»  is  a  descent  of  43  feet.  Between  these  point-s  there  is  a  series  of 
rapids,  "the  l)ed  of  the  river  lx»ing  Iit<»rally  paved  ^nth  Ixjwlders.  Tlielianks  an*  fn>ni 
10  to  20  feet  high  and  the  drift  a  reddish  clay."  These  are  known  as  the  Goose  Eve  rapids. 
Two  or  three  dams  could  develop  a  head  of  about  40  feet. 

Above  Hunters  Lake,  in  sees.  22  and  23,  T.  40  N.,  R  5  E.,  occur  the  Snaptail  rapids, 
with  an  aggregate*  descent  of  43.0  ioct. 

Cedar  rapids,  the  last  of  importance  on  this  branch,  with  a  descent  of  16  feet,  are  \ocAtfd 
in  sec.  9,  T.  40  N.,  R.  4  W.,  and  in  the  2  miles  above.  The  total  descent  between  Blais- 
dell  and  Bear  lakes  Is^about  FiH  feet,  all  in  a"distanc4>  of  7)  miles.  Between  Bear  and  little 
Chief  lakes  the  banks  vary  from  4  to  50  ft»et  in  height.  A  logging  dam  has  l>eon  maintained 
at  the  head  of  the  rapids,  in  sec.  2(),  T.  41  N.,  R.  4  W.,  which  had  a  height  of  10  feet.  Mets^ 
urements  made  hen^  by  United  State's  engineers  on  June  20  and  July  12,  1879,  with  the 
river  respectively  0.0  and  2.1  feet  above  low-water  mark,  showed  a  dischai^  of  381  and 
472  second-feet.     Tlie  river  at  this  point  is  153  fet»t  wide. 

WeM  Branch  of  Chippeuxi. — West  Branch  of  the  Cliippewa  River  has  a  drainage  tm 
of  480  square  miles,  or  200  square  miles  more  than  East  Branch,  but  its  descent  is  couid- 
erably  less  rapid.     The  river  has  its  source  in  several  lai^ge  lakes  at  about  1,380  feet  above 
sea  level.     The  first  undeveloped  power  is  located  about  IJ  miles  above  the  confluence 
of  the  two  branches,  in  sec.  34,  T.  40  N.,  R.  0  W.,  where  the  hills  approach  within  900 
feet.     The  river  at  this  point  has  a  width  of  121  feet,  and  here  United  States  engineen 
made  surveys  for  a  dam  with  a  head  of  25J  feet,  which  gave  a  very  laige  reservoir  tren. 
A  15-foot  head  could  probably  be  obtained  at  reasonable  expense.     Four  measurement* 
made  by  Unit<»d  St^ites  engineers  on  August  0,  1870,  at  a  stage  only  0.2  foot  above  Jo-* 
water  gave  a  mean  discharge  of  I%0  second-feet,  or  0.75  8(»cond-ft»et  pt»r  square  mile    <A 
drainage  area.     This  laige  low-water  run-ofT  is  double  that  estimated  for  this  drainage  ar>e*- 
The  excess  may  bo  explained  by  the  steadying  action  of  the  large  lakes  near  the  hem^' 
waters  of  this  river. 

In  the  10  miles  l)etween  Moose  and  Pakwawang  lakes  West  Branch  descends  71.6  fc"*-^» 
including  a  s«'ries  of  rapids  with  sluggish  water  Ix^twtH'n.  Tlie  banks  are  generally  fnc»i* 
20  to  30  feet  higli,  witli  <Iay  .soil .a 

Court  Oreilles  Riirr. — Court  Oreilles  River  has  its  source  at  an  elevation  of  1,287  feet  if  • 
lake  of  the  same  name.     The  group  of  lakes  forming  its  headwat<'rs  have  a  total  area  of  abo*** 
10  square  miles.     A  dam  at  this  outlet  would  need  to  have  a  length  of  260  feet  to  securP  * 
head  of  5  feet,  and  would  store  a  supply  sufficient  to  deliver  255  .second-feet  for  ninety  da,y* 
at  times  of  low  water.     The  river  is  from  50  to  00  feet  wide,  and  in  the  first  3  miles  of  i^^ 
course  is  sluggish.     Thence  to  its  moutli  it  furnislies  u  seri<^  of  rapids,  with  still  reicb^ 
between.     Tho  most  important  rapids,  known  us  the  Court  Oreilles,  are  situate  within  ^ 
miles  from  the  mouth  of  the  river,  which  at  this  jKiint  flows  over  Itnlges  of  the  prM}ambritf* 
rocks.     Th«'  river  Ls  <rossed  at  its  middle  jK)int  by  the  Chicago,  St.  Paul,  Minneapolis tnd 
Omaha  Railway,  where  the  water  surface  has  an  elevation  of  1,240  feet.     This  shows* 
descent  of  47  feet  in  10  miles  bctwc^cn  this  jx)int  and  the  lake.     Tlie  lower  half  of  the  riveris 
reached  by  the  above  railway.     Unlike  citluT  East  Branch,  West  Branch,  or  any  other 
neighlwring  braiu-hcs  of  the  ChipiK'wa,  Court  Oreilles  River  drains  a  region  with  a  very  open 
sandy  soil.     A  nicasincincnt  made  by  United  States  engin(?ers,  October  25, 1879,  at  a  stage 
0.3  f(X)t  above  low  water,  showed  a  discharge  at  the  mouth  of  I^ake  Court  Oreilles  of  only  28 
second-feet  from  a  drainaj^e  area  of  114  scpiarc  miles.     It  seems  likely  that,  beca|ise  of  the 
character  of  the  soil,  part  of  the  run-off  escapes  underground  to  the  west  into  Nameka|^ 
Hiver. 


a  Kept.  Chief  Eng.  l'.  S.  Army,  isso,  p.  I.*xi2. 
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8. — Because  of  their  present  isolation  from  railroads,  the  chief  use  of  dams 
n  maintained  on  the  upper  headwaters  of  Chippewa  River  would  lie  in  their 
fservoirs  to  improve  the  powers  below.     Their  location  is  shown  in  the 


Dam€  on  upper  waters  of  Chippeuxi  River. a 

Dimensions.  6 


Location. 


c.  28,  T.  32  N..  R.  6  W . 

'.  33N.,  R.8W 

\32N.,  R.  6  W 


W  \  aec.  32,  T.  42  N.,  R.  5  W 

.42N.,  R.5W 

;.  J  Bee.  14,  T.  41  N.,  R.  6  W 

cegama  Lake,  N  W.  J  N W.  J  wc.  32,  T.  40  N.,  R. «  W 

liver,  NE.  JNE.  }  see.  2f>.  T.  40N.,  R.  7  W 

,  N  W.  J  8E.  J  sec.  26,  T.  41  N.,  R.  4  W 

River: 

'.  35  N.,  R.  6  W 

36N.,  R.5  W 

'.  38  N.,  R.  4  W 

38  N.,  R.  4  W 

^r,  aec.  17.  T.  38^.,  R.  5  W 

sec.  16,  T.  42  N..  R.  4  W 


Height.  '  length. 


Feet. 


Feet. 


q 

8 

123 

20 

♦300 

7 

347 

X 

108 

6 

142 

10 

r>»i4 

I 


♦18  ' 
♦18 

♦12    : 

♦  15  \ 
♦15  '. 
♦20 


♦800 
♦400 
♦250 
♦250 
♦325 
♦300 


Reservoir 
capacity. 


Cubic  feet. 
133,333,000 
153.331,000 
:i34,536,000 


430,000,000 


300.000.000 


OS.  1-4  and  &-9,  United  States  engineers;  5  and  10-15,  Chippewa  Lumber  and  Boom 
larked  with  an  asterisk  (♦)  were  estimated  by  the  owner.  The  Chippewa  Lumber  and 


TRIBUTARIES  OF  C  lUPPKTVA  RIVKR. 


FLAMBKAU    RIVER. 


f  vxUer  powers. — In  size  of  drainage  an»a  Flambeau  River  ranks  first  among 
of  the  Chippewa.  Indeed,  l)eoaii.se  of  its  central  lo<'ation  in  the  drainage 
properly  l)e  regarded  as  the  prolongation  of  tlie  main  stream  itself.  Regard- 
lowcver,  its  water  power  must,  in  large  part,  eontinue  for  some  time  unused, 
orested  location  and  its  lark  of  railroad  facilities.     The  settling  of  this  area 

justify  the  extt'nsion  of  present  railroads  and  the  building  of  new  ones. 
T  is  crossed  near  its  mouth  (at  Ladysraith)  by  the  Minneaix>lis,  St.  Paul  and 
>  Railway,  near  it^  center  (at  l^ark  Falls)  by  the  Wisconsin  Crntral  Railway, 
^r  headwaterfi  by  the  Chicago  and  Northwestern  Railway.  Between  I'ark 
i^mith  is  a  reach  of  70  miles  unserved  by  railroad,  and  yet  with  no  point  at  a 
e  than  15  miles  from  the  present  railroads.  It  is  significant  that  the  two 
isportation  facilities,  Ladysniith  and  Park  Falls,  have  established  large  paper 
md  other  manufactories.  The  umisually  steady  flow,  the  soft  water,  and  the 
Host  unlimited  quantities  of  pulp  wood  should  make  this  river  a  center  of  the 

industry.     Transportation  alone  is  lacking. 

Iver  has  its  .source  in  the  largest  number  of  lakes  and  connecting  swamps 
;t  aggregate  storage  capacity  of  any  river  in  the  State.  This  storage  capacity 
sed  in  many  cases  by  hinibcring  dams  built  at  the  lake  outlets,  but  as  yet 
lities  for  the  storing  of  suri)lus  waters  r(»main  unimproved.  These  lakes  lie 
x>rtion  of  the  State,  at  ('ievations  varying  from  1,560  to  1^650  feet  or  rac^^c 

The  Jevek  show  tlint  t\\o  river  descends  570  Icet  *\\\  a.  <ii\aV«AiCje  vA\^"av\«&^x 
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or  alMHit  'ti.H  U^i  {mt  milo.  A  Inrgo  part  of  this  fall  is  known  to  U*  concentrated  at  numerous 
falls  and  rapids,  in  thf>  10  miles  lM>t  wccn  the  numtli  of  the  river  and  Ladysmith  the  descfnt 
is  42  f(H't.  A  company  has  ri'cently  iM'cn  fonned  t<»  constnict  a  dam  with  a  head  of  20  feet 
at  a  i^oint  t)  mili»s  U'low  Ijadysmith,  in  se<'.  IS,  T.  .'14  N.,  R.  (i  W.,  and  the  work  of  construc- 
tion is  aln^ady  U'gun.  The  next  develofx^d  power  aUive  the  mouth  is  found  at  Ladjmith, 
wliore  a  timl>er  dam  ^i'iO  feet  long  develoi)s  a  head  of  10  Uh*X.  Tliis  power  is  used  to  lun  t 
pa|XT  and  pulp  mill  and  also  for  the  manufactun'  of  wtMnien  ware. 

Ther(>  an>  no  developed  |)owers  on  FlamlN'au  River  for  70  milen  aliove  LadyBmith,  Int  • 
fall  of  353  feet  in  this  distance  insun>s  many  uiideveloi)ed  {xiwers.  Two  of  th<*fie,  Little Fklb 
and  liig  Falls,  an'  of  spe<-ial  importance.  The  former  is  Un-ated  in  the  NW.  }  see.  21,  T. 35 
N..  K.  o  W.,  and  is  <iwned  hy  A.  J.  MKiilvary  and  B.  1).  Viles,  of  Chippewa  Falk.  A  ISIoot 
dam  at  the  head  of  the  iirst  rapids  would  give  a  head  of  alMiut  2«'y  feet  at  the  footof  tbr 
rapids  a  short  distance  In'Iow.  Big  Falls,  owned  hy  the  John  Heim  Company,  of  Tony, 
Wis.,  is  l«icat<Kl  0  miles  alK)ve  Little  Falls,  in  s<'c.  3o,  T.  'M\  \.,  R.  5  W.  There  is  a  desoPDt 
of  25  feet  hen'  in  a  short  ilistance.  concent  nited  in  thnM'  pitches.  A  view  of  one  is  shown 
in  PI.  V.  .1.  \o  accunite  survey  has  U'cn  ma<le  of  either  fall,  hut  the  owner  of  Big  Falk 
estimates  that  a  25-f«M)t  dam  at  the  head  of  the  rapids  and  a  canal  aUnit  five-eighths  oft 
mile  to  the  end  of  the  rapids  would  give  a  (MWimU  head.  Both  falls  occur  over  ledges  uf 
pn»-Caml)rian  cr^'stalline  nK*k. 

At  Park  Falls  the  Flamlx>au  l^ip<»r  Company  has  constructed  two  dams;  one,  half  a  xniln 
aliove  the  railmad  cn)ssing.  in  S4>c.  13,  T.  40  \.,  K.  1  W.,  and  one  ahout  a  mile  helow,  in 
se<\  25,  T.  40  \.,  R.  1  W.  Each  dam  furnishes  an  avenigi*  head  of  16  fwt.  Tlie  upper 
plant  has  instulle<i  13  turhines,  nite<l  at  1.300  horsepower,  while  at  the  lower  plant  aKnit 
1,100  hors4'p*)wer  has  Uvn  installe<i. 

Tliere  an'  other  nipids  in  si.cs.  2S.  32,  and  .*«,  T.  41  N.,  R.  1  E.,  and  levels  taken  hy  United 
States  engineers  showed  a  fall  hen^  of  24  feet  in  2  miles.  .Vgain,  in  sees.  3  and  4.  T.  41 N., 
R.  2  K.,  In'Iow  the  junction  of  Turtle  and  FlamU'au  rivers,  is  a  similar  fall  of  25  feet.  Abore 
tliis  point  the  river  is  much  smaller  and  has  lower  gradient,  though  Itowlder  rapids  areof 
fnKiuent  iM'curn*nc«'. 

The  lack  of  railnmd  tmnsix^rtation  on  this  watershed  will  postpone  the  utiliatioB  o( 
its  nuiny  lai-ge  water  {)owers  until  the  region  is  nion*  thickly  settled  and  hotter  Mrred  bj 
railnuuls. 

I*rofih.  \o  (fovenunent  surveys  have  In^'u  made  in  the  46  miles  above  B%  VUb, 
.so  that  n'liahle  data  n'ganling  water  {xiwers  along  this  }>ortion  of  the  river 
entin'ly  lucking.  AlM)ve  Park  Falls  Unit.e<l  States  engineers  have  run  levels  in  ( 
with  the  n'servoir  surveys,  thus  furnishing  valuahle  hypsometric  data.  Informatiaa  COD 
<*erning  the  rivt>r  ])rolili>  from  mouth  to  headwaters,  with  the  exception  noted  abofS^i 
fairly  comph'tc,  and  is  sununarized  in  the  following  tahle: 

J*rojiIi  oj  Hnmlmiu  Hiirr  Jmm  its  mouth  to  Jioidder  Ijoke.o 


Sn 


DisiHiur.  Rleva^ 

tion 
Hl)ovcsea 


I  l'r.»iii     IJrlwwn      ,      , 

'  inoiiih,    pointH.  ,     '«'*"•• 


M{h<.  .U/7r*.  Feei. 

.\r.»uih  (.f  riv.T o.M     l.aW.O 

s\V.  ;  .src.  .{|.  T.  .!»  N..  K.  7  W 7.11  7.(1  l.OlW.O 

rMi.-.irn  .(!  'i|.!.l>.  \\\  .  1 ':.•.'.  J.<.  T..:»N..  [i  7  W ll.o  4.(1  1,070.0 

N' w  .1  ,1.!.  f  ..t  ..I  rij.i.]> i:,.M  4.0  1,081.0 


TotaL 


FteL 


14.0 
6.0 
11.0 


to 

Ui 

17 

lao 

F.;i.i\.-.i!i.i'..  Nl..\v  .l.iiii 1.M.L':.  '»..■)       1.099.0    L     10.6         1-25 

"  AutliMiiiN  :    \...  ;  ji,.  r     s    i.x,,\.  >Mr\.\:  L'7  ■'»>.  I',  .s  riiKiiu-n'     licoaiise  of  an  error  in  tlw 
u-i^i'.'ri.  ij  ••ii\  .iiiMii  i.t  Till-  jiiitiiil  l»iMh  iii:irk.  i">  fill  IS  ;i'l(li<l  In  (lie  l".  8.  »>nRinpcr  elevation  toco^ 

r.'ll    I..  .-.M-l.Ml  -liM '.MM. 


-W.  ;  w.  I.  r.  .;i  N  .  i;..,  \\ i.^..7:.  .7:.     1.08K.4  7.4 
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WATER-SUPPLY   PAPER   NO.   196      PL.  V 


A.     LOWER  PITCH  OF  BIG  FALLS.   FLAMBEAU   RIVER. 


li.     COPPER  FALLS.   BAD   RIVER. 
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}file  cf  Flambeau  River  from  iU  numih  to  Bcvlder  Lake — Continued. 


Distance. 


SteUon. 


I  From  '  Between 
I  mouth,    points. 


I   Eleva-  : 

'      tion     ! 

Abo^esea 

levol.       Total 


]>eaoent  be- 
tween points. 


h.  above  dam 

.  25,  T.  35  N.,  R.  6  W j 

Is.  foot  of 

Is.  head  of  (sec.  21,  T.  35  N..  R.  5  W.) 

1">.  T.asN..  R..S  W 

foot  of  (NW.  I  sec.  2.  T.  Xi  N.,  R.  5  W.)  . 

.  8.  T.  .•»  N..  R.  1  W 

'  soc.  .-a,  T.  40  N'..  R.  1  W ' 

40  N.,  R.  1  W.,  west  line  of ' 

Ti.  see.  2r>.  T.  40  X..  R.  1  W..  west  line  of.., 


s  railroad  ))ridge,  west  lino  sec.  24.  T.40 
W 


I  race  upper  dam.  Park  Fails 

per  dam.  Park  Falls 

r.  upper  dam 

.2S.T.41N.,  R.l  E 

41  N.,  R.  1  E.,  W.  J  stake 

41  N.,  R.2  E.,  W.  i  sUke 

ver,  mouth 

«h  River,  Junction  of  I^ar  Crpek 

».  mouth  of  rsec.  8.  T.  42  N.,  R.  r»  E.) 

ke,  inlet  of 

.nke 


Mileg. 
24.25 
28.0 
32.0 
32.8 
36.8 
40.3 
86.2 
91.2 
94.2 
95.0 
95.0 

9A.A 
98.3 
98.5 
104.3 
107.1 
112.6 
115.8 
119.0 
134.0 
146.0 
153.5 
103.0 


mif9. 
0.0 
3.75 
4.0 
.8 
4.0 
3.5 

45.9 
5.0 
3.0 

54. 
O.fl 


1.6 
.5 
.2 
5.8 
2.8 
5.4 
3.3 
3.2 
15.0 
12.0 
7.5 
9.5 


I 


:  I 


I  Feet. 
.  1,115.3 
'  1,115.4 
I  1,131.4 

1.147.4 
I  l,lfi«.7 
'  1.177.0 

1,421.8 
'  1. 429.fi 

1,438.0 


Feet. 
lfi.3 
.1 
Ifl.O 
lA.O 
19.3 
10.3 
244.8 
7.8 
8.4 


I  1,454.0+1. 

1.470.0-1-  . 

I 
1.470.0    j. 

I,4(ia8    I 

1,481.0    , 

1,482.5 

1,499.2    I 

1,510.8 

1.516.0 

1,541.4 

1.568.0 

1,. 587.0 

1.592.0 

1,625.0 


Per 
mile. 


Fee4. 


I 


2.8 
14.2 
1.6 

ia7 

11.6  I 
6.2  I 
25.4  ' 
26.0  ' 
19.0  > 
5.0  ■ 
33.0  ' 


4.0 
20.0 
4.8 
a3.0 
5.3 
1.5 
2.8 


5.6 


.2 
6.0 
2.0 
1.8 
7.6 
1.8 
1.6 

.66 
3.5 


d  run-off. — Like  all  the  northern  rivpra  of  the  State  the  minimum  flow  of 
ver  occurs  in  severe  midwinter  weather,  or  during  very  dry  summers  in  the 
ly  and  AugiLst.  At  present  there  are  not  sufficient  discharge  data  covering 
the  river  is  frozen  to  construct  an  accurat-e  rating  curve  for  such  periods. 
le  extensive  forest  and  tlie  numerous  lakes  and  swamps,  an  ordinary  flow  of 
)t  per  square  mile  of  drainage  area  would  seem  conservative.  By  the  proper 
present  dams  at  the  headwaters  it  is  likely  that  this  discharge  could  be  con- 
eased. 

y,  1903,  the  United  Stat^»s  Geological  Survey  established  an  observing  station 
nith  dam,  and  has  taken  daily  gage  rea<lings  since.  Discharge  mea.surement^ 
•urrent  meters  and  an*  lH»ing  continued  so  that  in  timeanaccurat^^estimaU'of 
wrharge  uiil  be  available.     The  following  tabh^s  give  su<>h  daily  ottservations: 
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discharge  me4ifiureiiient8,  and  computations  as  have  become  available  since  the  esUblisb* 
ment  of  the  station,  and  also  a  record  of  rainfall  for  the  corresponding  period: 

Diacharge  measurements  of  Flambeau  River  near  Ladysmith,  Wis. ^  for  1903, 190^,  and  iSfls. 


Date. 


1903. 
February  13  o. 
M&Tchl9b.... 

Aprils 

May  6 

June  16 

July  11 

A.UgU8t21 

Soptemlxjf  10. 
October  23.... 

1904. 

May  16 

Junes 

August  29 

September  20. 
October  12.... 


1905. 

Aprils 

May  23 

June  14 

July  12 

August  12 

September  23. 


Ilydrograpber. 


L.  R.  Stockman. 

do 

do 

do 

do 

do 

do 

E.G.  Murphy... 
L.  R.  Stockman. 


E.  Johnson,  jr. 
....do 

do 

do 

F.  W.Hanna.. 


S.  K.  Clapp 

do 

M.  S.  Brennan. 

....do 

do 


F.  W.  Ilanna. 


Width. 

Feet. 
325 
366 
349 
361 
342 
342 
342 
364 
348 

350 
350 
349 
343 
364 

129 
357 
354 
353 
345 
353 


Area  of 
section. 

Mean 
velocity. 

Square 
Jeet. 

Feet  per 
second. 

472 

1.64 

1,871 

1.77 

1,330 

2.80 

1,927 

3.70 

703 

1.91 

1,430 

2.95 

995 

2.69 

1,579 

3.36 

1,271 

3.07 

1,333 

3.15 

1.448 

2.99 

733 

2.07 

702 

2.21 

1,653 

3.37 

1,537 

3.49 

1,292 

2.60 

1,232 

2.67 

1,016 

2.54 

623 

1.84 

1,404 

3.02 

Gage, 
hei^t 


Dii- 


Feet. 
16.20 
18.95 
17.40 
18.97 
16.00 
18.10 
16.85 
1&05 
17.21 

17.88 
17.45 
1&06 
16.01 
18.58 

18.27 

17.60 

17.35 

16.80 

1&66I 

17. 75  I 


Sead- 
fetL 

TJi 
3,312 
ITS 
7.113 
1,30 
iffl 
2.« 
5.3B 
S.» 

4.18 
4,321 
Ifll 
1.SM 
i,» 

l^ 

3.474 

3,» 
2,57* 
1,144 
4.236 


I 


a  Frozen. 


h  Log  Jam  below. 


Mean  daily  gage  height ^  in  feet,  of  Flambeau  River  near  Ladysmith,  Wis.,  February  15, 

190S,  to  December  SI,  1905. 


Day. 


Feb.      Mar.  [  Apr.  ,  May.  ,  Juno.  ,  July,  i  Aug.  i  Sept. 


1 

1903. 

o 

3 

4 ' 

5 

6 .1 

7 ' 

8 , 

0                       .           ..                   ' 

10 

11 , 

12 

13     .                                . 

14 ..      . 

15.... 

16.0(3  ' 

16..   . 

10. 10  1 

17 

10.05  j 

18 

16.00  > 

19.... 

15.90  1 

16.15 

17.00 

18.30 

19.80 

10.  60 

16.80 

18.40 

19.65  , 

10.,% 

10.90 

18.60 

18.95 

10.10 

16.90 

19.05 

18.60 

10.  30 

17.05 

19.10 

18.10 

10.  .50 

10.40 

19.10 

17.5,5 

10.  ()0 

10.90 

19. 10 

17.55 

10. 10 

17.45 

18.80 

17..'» 

10.  .50 

17.  35 

18.70 

16.95 

10.  ,'iO 

17.25 

17.9.'> 

16.00 

10.0'. 

17.23 

18.25 

16.75 

l(i.  4.5 

17.30 

18.80 

10.80 

10.  ."W 

17.25 

19.  ,55 

16.30 

lO-.tS 

17.50 

19.80 

10. 15  ' 

10.60 

17.40 

19.65 

lo..-^ 

10.15 

17.20 

19.55 

16.50 

10.20 

10.95 

19.40 

10.05 

16.30 

17.00 

19.45 

16.05  1 

18.25 

16.90 

19.05 

15.85  1 

Oct. 


I 


15.65    

16.15  ' 

17.25    

18.10  ' 

18.90    

19.05    

19.20    

IS.  85    

18.70    

18.  60  18.  20 
18.75  18.00 
18.55  17.90 
18.  ."W  17.80 
17.85  17.70 
17.70  17.  ,50 
17.  ()5  17.  .W 
17.60  17.30 
17.35  i  17.20 
17.35  j  17.00 


17.00 

17.20 

16.00' 

1S90 

16.70 

17.30 

16.25 

IS  75 

16.80 

17.60 

1&85 

lifts 

16.30' 

19.66 

1&85 

l&flO 

16.80 

19.70 

1&85 

li» 

16.90 

19.35 

15.85 

1&» 

16.90 

19.25 

15.90 

1&D5 

17.30 

19.25 

15.65  lli» 

18.20 

19.30 

1&70  1 

liTO 

18.20 

19.35 

15.85  1 

16.80 

18.00 

18.95 

laOO    16.35 

18.40 

18.66 

15.85 

16,30 

19.00 

18.45 

15.85    16.50 

19.80 

18.25 

16.80 

16.45 

20.40 

17.90 

16.80 

16.55 

20.50 

17.85 

16.75 

ia35 

20.50 

17.80 

16.80 

1&«) 

20.30 

17.60 

16.00 

16.70 

20.00 

17.36 

16.60 

16.60 

Nov.  '  Dec- 


OHIPPKWA   BIVEB  8T8TKM. 
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04211  daily  gage  height,  in  feet,  cf  Flambeau  River  near  Ladysmith,  Wis.,  February  16, 1903 , 
to  December  31, 1906 — Continued. 


Day. 


1903. 


I  Feb.  I  Mar.  \  Apr. 


1 


I 
16.00  '  20.35  '  ltt.85 
15.90  <  19.30  ,  1&90 
16.05  j  18.50  16.65 
16.00  18.45  i  16.65 
16.25  I  17.30  ,  17.30 
16.00  I  17.60 


.|  15.95 
.  1&40 
.    16.25 


17.25 
17.00 
17.10 
17.00 
16.75 
16.60  j 


17.30 
17.25 
17.15 
17.20 
17.40 
1&45 


May. 

June. 

July. 

19.20 

15.80 

17.20 

19.25 

15.85 

17.15 

18.85 

15.95 

16.70 

19.15 

15.65 

16.70 

18.90 

15.90 

16.70 

19.00 

15.60 

16.80 

19.55 

15.85 

(«) 

20.60 

15.60 

(«) 

21.45 

15.70 

(-) 

21.45 

15.95 

(°) 

21.20 

15.80 

(«) 

21.45 

(°) 

Aug.  '  Sept. 


I 


17.00 
17.10 
16.90 
16.70 
ia80 
17.10 
16.80 
17.00  '■ 
16.90  I 
16.80  ' 
16.70  ' 
16.80  i 


19.70  I 
19.90 
18.90  I 
18.50  I 
18.20  I 
18.00 
17.70 
17.85  ' 
17.50  ' 
17.30  I 
17.20  I 


Oct. 


17.25 

17.25 

17. 15  I 

17.05  I 

17.00  I 

16.80 

17.00 

ia80 

16.55 

16.65 

16.05 

16.20 


Nov. 


15.50 
15.45 
15.25 
15.40 
1&65 
15.45 
15.55 
1&85 
15.80 
1&80 
15.85 


Dec. 


Day. 


1904. 


Jan.6  j  Feb.e   Mar.ft    Apr.*    May.    June.    July.     Aug.  !  Sept.  i  Oct. 


16.75 
16.95 
16.75 
16.85 
17.00 
16.50 
16.50 
16.65 
16.65 
16.70 
16.60 
16.55 
16.50 
16.70 
16.70 
16.75 
16.60 
16.60 
16.65 
16.30 
16.75 
16.75 


3 ;  16.75 

'  16.65 

j  16.70 

j  ia70 

'  ia45 

'  ia65 

I  16.60 

16.75 

'  16.65 


I 


I 

i  16.75 
i  16.75 
I  16.10 
16.80 
I  16.90 
I  16.70 
16.80 
16.75 
16.75 
16.65 
16.70 
16.95  ' 
17.00  I 
16.70  , 
16.90  I 
16.95  ' 
16.55  ! 
17. 10  I 
16.95 
16.95 
17.55  I 
16.90 
17.00 
16.60 
17.00  I 
16.90  j 
17.00  j 

16.95  . 

I 


16.95 


17.00 

17.05 

17.00 

17.05 

17.15 

16.95 

16.90 

17.15 

16.90  ' 

17.50  I 

17.40  j 

17.05 

17. 30  j 

17. 20  I 

17.20  j 

17.00 

17. 15  I 

17.20 

17.15 

17.05 

17.05 

17. 15 

1&85  j 

17. 15  I 

16.95  I 

16.95  i 

16.95  I 

17. 15  j 

17.05 

16.45 

17.20 


16.90 
17.20 
16.80 
16.90 
16.85 
16.80 
17.10 
17.25 
17.05 
17.00 
17.10 
17.10 
17.15 
17.05 
17.25 
17.20 
17.10 
17.05 
17.00 
16.85 
16.85 
16.65 
17.20 
17.20 
18.00 
18.40 
18.4^ 
18.50 
18.50 
18.90 


18.70 

18.55 

18.60 

18.35 

18.45 

18.60 

18.60 

18.85 

19.20 

I  10.15 

I  18.90 

18.80 

I  18.35 

I  18.15 

'  18.01 

'  17.95 

I  18.01 

I  18.01 

,  18.03 

!  17.05 

I  17.03 

I  17.01 

I  17.04 

17.06 

I  18.40 

,  19.00 

I  19.40 

I  19.30 

I  18.80 

18.40 

17.80 


I 


I 


17.50 
17.40 
17.42 
17.43 
18.00 
18.02 
18.25 
18.27 
17.90 
17.22 
17.10 
17.25 
17.15 
17.12 
16.60 
16.55 
16.35 
16.25 
16.32 
15.95 
15.88 
16.15 
15.95 
16.35 
16.55 
16.70 
16.95 
17.05 
17.05 
17.20 


17.58 
17.77  I 
17.70 
19.90  I 
18.82  I 
18.88  ' 
18.75  I 
18.75  ! 
18.05  : 
17.95  I 
17.70  , 
17.25 
16.40  I 
16.30  , 
16.12 
16.15  I 
16.03 
16.00  I 
15.60 
15.80  ' 
15.95  i 
15.85 
15.80  ; 
15.70 
15.85  ! 
16.15  I 
16.76 
16.75 
15.70 
15.25 
15.55 


15.15 
15.40 

(/) 

(0 
15.60 
15.72 
15.13 
15.40 
15.75 
15.92 
15.85 
16.00 
15.90 
15.90 
15.85 
16.02 
15.90 
15.85 
15.95 
15.75 
16.00 
16.20  ' 
16.35  I 
16.45 
16. 65  ' 
16.45 
16.45  ' 
16.20  1 
16.10 
16.27  I 
16.15  1 


16.25 
16.30 
16.38 
17.78 
17.65 
17.20 
17.28 
17.30 
17.03 
16.00 
16.40 
16.32 
16.45 
16.30 
16.15 
16.05 
16.05 
16.13 
16.15 
16.00 
16.00 
15.90 
15.95 
15.95 
16.40 
16.  40 
16.40 
16.45 
16.40 
16.45 


(O 

(*) 

(0 

(«) 
16.05 
16.05 
16.10 
16.10 
17.05 
18.70 
18.65 
1&60 
1&50 
18.43 
18.30 
17.85 
17.20 
16.95 
17.15 
17.25 
17.60 
17.80 
17.75 
17.75 
17.85 
17.75 
17.65 
17.55  I 
17.65  1 
17.70  I 
17.22  I 


Nov. 


17.25 
17.30 
17.20 
16.90 
16.70 
16.80 
16.30 
16.20 
16.17 
16.15 
16.05 
15.55 
15.60 
15.45 
15.82 
15.28 
15.55 
15.72 
15.70 
15.60 
15.45 
15.82 
15.27 
15.55 
15.72 
15.70 
15.55 
15.40 
14.95 
15.55 


16.67 
16.67 
16.67 
16.66 
17.00 
16.69 
16.66 
16.50 
16.10 
16.80 
16.80 
16.70 

Dec.* 


15.65 
15.05 
15.95 
14.50 
15.15 
15.90 
14.87 
15.78 
15.57 
15.55 
15.25 
15.77 
15.55 
15.30 
15.35 
15.45 
15.35 
15.30 
15.50 
15.57 
15.70 
15.72 
15.68 
15.60 
15.65 
15.70 
16.10 
15.75 
15.80 
16.30 
16.40 


I 


■Chain  gage  stolen. 

^Frozen  from  January  1  to  March  30.  when  ice  begins  to  break.    Ico  varied  from  6  to  18  inches  in 

ickness. 

rice  conditions  March  31  to  about  April  10. 

'  loe  conditions  during  Decern  t)cr. 

'  Weight  gone. 

'Key  lost;  no  gage  height  taken  on  .\ugust  3  and  4. 
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Mean  daily  gage  height^  in  feeiy  of  Flambeau  River  near  LadymnWi,  Wis.,  etc. — Contmued. 


Day. 

Jan. 

Feb. 

Mar. 

1905. 



I 

16.4 

16.80 

, 1 

1 
5 1 

r 

16.3 

( 

i;:;:::; 

1 1 

16.5 

16.00 

1 1......J....... 

16.6 



1 



1 

16.7 

16.90 







:::::::::::::: 

Apr.  '  May.  '  June. 


16. 


23 ' '     .        1     . 

24        

'              1  16.80 

25 ' 

.   ...'     16.6     16. 45 

26 '. 

'  16.35 

27 

' 16.25 

28 

29        

16.6  ' 17.10 

'     .           17.90 

30 

'.   ...        18.20 

31 

1 18.60 

18.80 

ia40 

19.00 
19.20 
18.90 
18.40 
18.40 
18.20 
18.10 
17.80 
17.40 
17.20 
17.20 
18.20 
18.10 
17.60 
17.20 
16.55 
16.55 
16.45 
16.55 
17.00 
16.30 
16.35 
16.15 
16. 05 
17.40 
17.40 
17.00 
16.80 


16.8 
16.8 
16.8 
17.0 
17.3 
17.6 
17.6 
17.4 
17.1 
17.4 
17.5 
17.8 


17.40 
16.25 
16.40 
16.80 
17.80 
18.70 
19.60 
19.30 
18.90 
18.70 
18.60 
18.60 


17.8  I  17.60 
18.0  '  17.50 


18.3 

18.2  ' 

18.4 

18.6  , 

18.6 

18.4 

18.0 


17.60 
17.70 
18.00 
19.70 
19.60 
19.40 


July. 


17.70 

17.  eo 

17.50 
17.60 


Aug.  I  Sept.  ,   Oct.  I  Not.    Ike. 


I  '  I 

15.80  !  l&gO  ,  16l55     16l«    l&U 


1&90  ,  16.60  i 
15.80  i  16i90 

1&70  !  17.00 

I 


16l55     16.25    l&IB 


lfi.35 
1&25 


t 


16.15    laSS 
I&05    l&S 


.  I 


18.60  115.75,17.00     1&20  16.30  UH 

16.15  '  1&15  l&H 

15.80  '  16.20  I&fi 

15l96  '  16.15  IflLlS 


.19.00  I  15.35  I  ia90 

19.20  ,  15i35  1  16.00  , 

18.80  I  15c30  I  1&70  , 

la  50     15.50  ;  16.50 

18. 20  i  15. 30  ,  16. 40 

17.40     15.40  ^  16.20  ; 

17.00  I  15.55  I  16.20  | 

17.00  i  15.40  16.26  I 


15.80 
15.  »5 
15.55 
16.20 
16.15 


17.00     1&32  I  16.25  1  16.10 


16.05  l&S 

15.95  l&S 

16.05  I&ff 

16  3D  i&n 

1630  15l« 

16  20  I&7I 


16  70  ,  15. 45  '  16. 45  i  16. 40  I  16.10  li^ 
1&2S|1C.» 
16.05  j  1&« 

15.90 ;  i&n 


16  60  <  15.60  ,  1680 
16  35  15. 55  ,  17. 10 
16  35  15.90  1  17.05 
16  40  16.80  j  17.70 
1615  .16  90     17.80 


18.0     18.90 
17. 4     18.  (50 


19. 10  ,  16  10 
16  20 


1 


18.0 

17.6 

17.4 

17.2  , 

18.0 

17.8 

17.6 

17.4 


18.40 
18.00 
18.00 
18.00 
17.70 
17.70 
17.70 


15.90 
15.50 
15.90 
15.75 
15.80 
15.80 
15.75 
15.70 
15.55 


I 
17.10  I  18.20 

16  90  I  18.40 
1660  '  17.80 
16  45  I  17.60 
1680  i  17.30 
1635  I  17.20 
1625  I  16.80 
16.80  '  16.80 
17.00  I  16.70 
•17.20  '  16.20 
17.00  1 


16.75 
ia75 
17.00 
17.65 
17.20 
17.65 
17.35 
17.45 
17.30 
17.10 
1685 
16.85 
16.80 
16.70 
1&55 
16.30 


15.90  l&tf 
15.85  !l&tf 

15.90  i&es 

15.70  1&0D 

15.75  l&tf 

15.60  1&<V 

1600  1&73 

1660  I&IO 

1610  lb.9 

1660  moo 

1615  ,  Ii« 
15.90,  1&15 
'  16.M 


a  River  f  roztMi  entln'l y  hcfobs  January  1  to  March  23.    Mari'h  1 1-23  there  was  water  on  the  ice.  Gagf 
heights  arc  to  water  surfai-o  in  a  hole  in  the  ice.    Tlic  following  c*omparative  readings  were  also  m**: 


Date. 


January  7 ; 

January  14 i 

January  21 ' 

JjiniJury  28 

Fohruury  4 

Frbruary  11 

Ft'hruary  18 

Fchniury  2.> ' 

March  4 1 


Water 
surface. 

Top  of 
ice. 

Thick- 
nm.     1 

Feet. 

Feet. 

Feel. 

16.3 

16.4 ; 

a: 

16  6 

16.8  ' 

1.3 

16  7 

lao' 

1.4 

16  6 

16.9' 

l.S 

16  4 

169 

1.7 

16  5 

16.9 

1.7 

16  7 

17.1  > 

10 

166 

16.9' 

1.8 

16.8 

17.8  1 

I 

l.S 
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UiFig  UMefor  Flambeau  River  near  Ladyemiihf  Wis. ^  from  March  19, 1903,  to  December  1, 

1903.  a 


he^t. 

'  Diacharge. , 

1                    ' 

Gage 
height. 

1 
^Diacharge. 

heifi^t. 
Feel. 

Discharge. ! 
Second-feetJ 

Gage 
height. 

Discharge. 
Second-feet. 

Feet. 

Secondnfeet: 

Feet. 

^Second-feet. 

Feet. 

l&O 

530    ' 

1&3 

1         1,765 

17.6 

4,280    ' 

18.8 

6,920 

15.1 

1            555    ' 

16.4 

,         1,925 

17.7 

4,500    1 

18.9 

7,140 

15.2 

,            600 

16.5 

2,065 

1        17.8 

4,>20    1 

19.0 

7,360 

15.3 

1             665    ' 

16.6 

2,245 

1        17.9 

4,940    i 

19.2 

7,800 

15.4 

i             745    ■ 

16c  7 

1         2,406 

1        l&O 

5,160    , 

19.4 

8,240 

1&5 

825 

16.8 

2,575 

l&l 

5,380    1 

19.6 

8,680 

1&6 

915 

16.9 

1         2,755 

18.2 

5,600    ' 

10.8 

9,120 

1&7 

'          1,010    1 

17.0 

2,960 

1&3 

5,820 

20.0 

9,560 

1&8 

,          1,110 

17.1 

1         3,180 

j        18.4 

6,040 

2a2 

10,000 

15.9 

1,220    ' 

17.2 

1         3,400 

1        1&5 

6,260    , 

2a4 

10,440 

16.0 

1          1,340 

17.3 

1         3,620 

1        1&6 

6,480 

20.6 

10,880    1 

16.1 

1,465 

17.4 

i         3,840 

'        18.7 

6,700 

21.0 

11,760    I 

16.2 

1,610 

17.5 

i          4,060 

1 

>  Made  from  moasuivnicnts  between  gage  heights  16  and  18.9.5  foct.    Curve  above  and  below  these 
inta  is  approximate.    To  be  used  only  for  open  river. 

Uing  table  for  Flambeau  River  near  Ladyemith,  Wis.,  from  January  i,  190 J^,  to  December 

31,  1904. 


Gage 
hei^t. 

Discharge. 

'     Gase 
1  height. 

Discharge. 

Feet. 

Second-feel. 

Second-feet. 

15.0 

567 

16.0 

1,399 

15.1 

506 

16.1 

1,542 

15.2 

637 

1        16.2 

1,686 

15.3 

690 

16.3 

1,830 

1&4 

755 

16.4 

1,974 

15t5 

832 

16.5 

2,118 

15.6 

921 

'        16.6 

2,262 

15.7 

1,022 

16.7 

2,406    1 

15.8 

1,135 

1&8 

2,550 

15.9 

1,260 

16.9 

2,695 

Gage 
height. 

Feet. 
17.0 
17.1 
17.2 
17.3 
17.4 
17.5 
17.6 
17.8 
l&O 
1&2 


,  Discharge. 

Second-feet.\\ 
2,841 
2,990 
3,143 
3,300 
3,461 
3,626 
3,795 
4,145 
4,511 
4,893 


Gagi», 
height. 


Feet. 
18.4 
18.6 
18.8 
19.0 
19.2 
19.4 
19.6 
19.8 

2ao 


I  Discharge. 

\Second-feet. 

I  5,291     I 

I  5,704 

1  6,120 

I  6,539 

I  6,959 

I  7,379 

I  7,799 

I  8,219 

I  8,639 


3a/in^  table  for  Flambeau  River  near  Ladysmith,  Wis.,  from  January  1  to  December  31, 1905. 


Gage 
height. 

Discharge. 

1 

Secondrfeet} 

Gage 
height. 

Feet. 

Feet. 

15.00 

600    1 

16.20 

1      15.10 

670 

16.30 

{      15.20 

745 

16.40 

1      15.30 

825    1 

16.60 

15.40 

910    , 

16.60 

15.50 

1,000    ^ 

16.70 

15.60 

1,090 

16.80 

15.70 

1,185 

16.90 

15.80 

1,285    ' 

17.00 

15.90 

1,390    1 

17.10 

16.00 

1,500    1 

17.20 

16.10 

1,615 

17.30 

,  Discharge. 

Second-feet. 
1,735 
1,855 
1,980 
2,110 
2,245 
2.385 
2,530 
2,680 
2.835 
2,995 
3,1(30 
3.330 


(tagc 
height. 

Feet. 
17.40 
17.50 
17.60 
17.70 
17.80 
17.90 
18.00 
18.10 
18.20 
18.30 
18.40 


I  Discharge. 

. I, 

Second- feet. 
'         3.510    ' 
I         3.700 
3,890 
4,090 
4.300 
4.510     ' 
4,720 
4.930 
5.140    I 
5.350 
5,560     , 


Gage 
height. 

Feet. 
18.50 
18.  IK) 
18.70 
18.80 

18.  90 
19.00 

19.  'JO 
19.40 

19.  ro 

19.80 
20.00 


I  Discharge 

.1 

^Second-feet. 

'  5.770 
5.980 
0. 190 

'  G.4a) 

'       ri.nio 

'  (i.820 

I  7.240 

7.  (WO 

!  8, 120 

8,5r.0 

9,000 


rbe  above  table  is  applicable  only  for  open-channel  cundltions. 
Hits  made  during  1903-19Q5.    It  is  not  very  well  defined. 


It  is  based  on  discharge  measure- 
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Estimated  monthly  discharge  of  Flambeau  River  near  Ladysmithf  Wis.ffar  1903  ^  19Oijandl905. 
[Dminago  aroa,  2,120  square  miles.] 

Discharge.  Run-off. 


Date. 


1903. 


January — 
February' h. 

March 

April 

May 

June 

July  <" 

August  rf... 
SeptomlxT.. 

OctoJx'r 

November... 
Doccml)er. . 


The  year. 


Januar>' 

February — 

March 

April  < 

May 

June 

July 

August  f 

Soptcmlx?r... 
Octolx»r /.... 
NovemlK'r... 
DeceiulHT  '•.. 


Th«  year. 


March  24-31 

April 

May 

Juno 

July 

August 

Soptonibor . . 

OctolxT 

Novombcr  . . 
Dccoml^pr  . . 


Ma.xi- 
mum. 


Sec.'ft.       Sec.'/t. 


Mini- 
mum. 


10,330 
ti,150 

12,750 
9,120 


833 
1,925 
5,050 

915 


10,  (MX) 
8,900  ! 
l,r>85  1 


1,765 

1,400 

530 


6,339 

2,334 

7,379 

2,856 

5.034 

1,234 

8.429 

662 

2.334 

607 

4.109 

1.200 

5,912 

1.470 

3,300 

555 

1,974 

390 

Mean. 


Sec.-ft. 


Per 
square 
mile. 

Sec.'/t. 


860 
2.736 
3.266 
8.187 
2,749 
4,598 
3,431 
5,777 
4,807 
l,a54 


0.41 
1.29 
1.54 
3.86 
1.30 
2.17 
1.62 
2.72 
2.27 
.50 


Depth. 


Inches. 


3,389 
5.183 
2.890 
2.834 
1,336 
2,056 
3,517 
1,416 
951 


5.980 
7,240 
5,980 
8,340 
7.240 
3, 160 
5.560 
3,990 
2.245 
2.045 


1,795 
1,558 
2.530 
1,795 
1,000 

825 
1,735 
1,045 
1,090 

955 


1.60 
2.44 
1.36 
1.34 
.630 
.970 
1.66 
.668 
.449 


3,384 
3,867 
4,090 
5,223 
2,050 
1.669 
2.839 
2.305 
1,616 
1,449  I 


a  21 
1.49 
1.72 
4.45 
1.45 
2.02 
1.33 
3.03 
2.62 
.56 


I   Run- 
I    falLt 


Incket. 

a« 

.« 
IS 
&(• 

1.M 

&ef 
&5 
13 

.94 

.S 

A2S 


1.78    I 

2.81    > 

1.S2    ' 

1.54    ' 

.726 

1.08 

1.91 

.745 

.518 


1.60 

1.82 

1.93 

2.46 

1.30 

.787 

1.34 

1.00 

.762 

.683 


.0 

1.11 

m 
i.n 

iM 
i64 
2.U 

i:« 

5.61 
.19 
i» 

.0 

2.03 

2.22 

2.74 

1.60 
.907 
1.50 
1.26 
.8» 
.787 


n  Rainfall  for  VMYA  i.s  Uw  uvcrapc  of  the  rcoonlo^l  rainfall  at  Butternut,  Medford,  and  Eau  ClaUt; 
that  for  1904  omits  Eau  (Mairc  an<l  add.s  Prontico  and  Minocqua. 
t>  Vvhnmry  1.')  to  2K.  indusivr. 
c  July  1  to"  25.  inclusive. 
d  Aui^iist  10  to  31,  inclusive. 

f  Estiniutos  April  and  Dccombor  niado  as  if  open  channel. 
/  Discharge  ostiniated  for  August  3  and  4  and  October  1  to  4. 
0  No  estimate  for  ice  period. 


CHIPPEWA   BIVEB   SYSTEM. 


113 


buiaries  of  Flambeau  River. — Dore  Flambeau  River,  the  south  branch  of  the  Flambeau, 
it  an  elevation  of  1,582  feet  above  the  sea,  in  a  group  of  a  dozen  lakes,  the  largest  being 
Lake.  Its  total  drainage  area  is  742  square  miles.  After  a  very  rapid  course  of  about 
les  it  joins  the  main  stream  in  sec.  31,  T.  37  N.,  R.  3  W.  In  the  27  miles  between  Long 
and  Fifield  the  river  descends  146  feet,  or  5.4  feet  to  the  mile.  Its  gradient  below 
i  has  not  been  determined,  but  it  is  known  to  have  many  important  falls  and  rapids. 
)f  the  largest  of  these,  located  in  sec.  33,  T.  37  N.,  R.  3  W.,  has  a  total  fall  of  35  feet. 
g  to  its  lakes  and  swamps  this  river  has  a  much  more  uniform  flow  than  any  of  the 
»ewa  tributaries  farther  south.  Dams  are  maintained  by  the  Chippewa  River  Improve- 
Conipany  at  the  outlet  of  Long  Lake  and  at  Fifield.  The  same  company  maintains 
ig  dams  on  Elk  River  in  sec.  11,  T.  37  N.,  R.  2  W.,  and  also  in  sec.  14,  T.  37  N.,  R.  1 
nth  flowage  of  1}  and  2}  square  miles,  respectively.  These  and  other  logging  dams 
D  this  drainage  area  are  listed  in  the  following  table: 

Logging  danis  uuiiniained  on  tributaries  of  Flambeau  River  A 


Dam. 


IxxMition. 


Ileight.     Length 


Dore  Flambeau  River: 

Sec.  7,  T.  39  N.,  R.  1  E;  sec.  24,  T.  40  N.,  R.  1  E 

Sec.  16,  T.  38  N.,  R.  1  W 

Sees.  23-26,  T.  40  N.,  R.  3  E 

Flambeau  Lake,  aec.  2,  T.  40  N.,  R.  4  E 

Manitowish  River: 

Sec.  9,  T.  42  N.,  R.  5  E 

Sec.  24,  T.  42  N.,  R.  6  E 

Sec.  15,  T.  42  N.,  R.  7  E 

Elk  River: 

Sec.  11,  T.  37  N.,  R.  2  W 

Sec.  14,  T.  37  N.,  R.  1  W 

Trout  River,  sec.  14,  T.  41  N.,  R.  6  E 

Bear  Creek,  sec.  2,  T.  40  N.,  R.  4  E 


I 


feet. 
16 


Feet. 
350 


400 
24 

400 
300 
250 

450 


uthority:  Nos.  1  and  3,  Wm.  Irving,  manager, Chiopewa  Lumljer  and  Boom  Co.;  4-8,  Flambeau 
JerCo.;  9.  J.  R.  DavisLum!>erCo.:  lOand  11,  E.S.Shepard.  Owners:  Nos.  1.3.and5-7,Chipjpewa 
>^T  and  Boom  Co.;  2,  Lugar  Lumber  Co.;  4,  Flambeau  Lumber  Co.;  8  and  9,  Chippewa  River 
ovement  Co. 

RED  CEDAR   RIVER. 

uinage. — An  area  of  1,957  square  miles  in  the  extreme  western  part  of  Chippewa  Valley 
lined  by  Red  Cedar  River  (.sometimes  called  the  Menomonie),  which,  unlike  the  other 
tributaries  of  Chippewa  River,  doi-s  not  reach  the  main  .stream  until  within  a  few  miles 
its  mouth.  Except  at  its  headwaters,  Red  Cedar  River  drains  a  region  underlain  by  the 
)rian  sandstone.  As  a  result,  the  greater  part  of  the  area  has  a  .sandy  soil.  A  narrow 
)f  clayey  loam,  increasing  in  width  southward,  extends  along  the  western  limit  of  this 
The  drainage  area  occupies  the  U-shaped  n'gion  included  between  two  terminal 
inps,  one  near  tlie  eastern  and  one  near  the  west  th  bordiT,  which  unit:'  at  the  upper 
vaters,  giving  rise  to  numerous  lakes.  Four  of  the  largest  of  these  have  an  area  of  al)out 
uare  miles. 

j/J/e. — A  study  of  the  profile  of  Red  Cedar  River  shows  that  its  total  descent  in  the  90 
above  its  mouth  is  470  feet,  or  5.2  feet  per  mile.  This  gives  opportunity  for  a  large  num- 
wat^^r  powers.    There  are  about  25  old  logging  dams  on  the  river,  besides  about  an  equal 
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number  of  sawmills  and  flouring  mills.    The  following  table  kas  been  compiled 
surveys  by  competent  engineers  and  from  checked  railroad  levels: 

Profile  of  Red  Cedar  River  from  its  mouth  to  Red  Cedar  Lake  A 


No. 


Station. 


Mouth  of  river 

Dunnville 

Downsvillodam: 

Foot 

Crest 

Irving 

Menomonie  dam: 

Foot 

Great 

"Omaha"  bridge 

Cedar  rapids  dam: 

Foot 

Crest 

Hay  River,  mouth 

Colfax 

Cameron  (2  miles  west) 

Railroad  crossing 

Cedar  Lake  dam,  sec.  22,  T.  37  N.,  R.  10  W.. 
Dam  in  sec.  25,  T.  37  N.,  R.  10  W 


Distance. 


From 
mouth. 


'  Between 
j  points. 


MiU8. 
0 


MUes. 


t\ 


Eleva* 
Uon      _ 
above    1 
ma  level.  >  T( 


2.0 

2.0  1 

1 

7.8 

S.8| 

7.8 

•«1 

13.0 

5.2 

1 

Feet. 
705.0 

723.4 


739.0  ^ 
758.2  I 
766.4  I 


I 


16.6  I 
16.6.! 
18.9  I 


23.4 
23.4 
30.2 
35.0 
7a  0 
74.0 
90.0 
96.0 


3.6 
.0  ' 
2.3  . 

4.5 
.0 

6.8 

4.8 
35.0 

4.0 
16.0 

6.0 


788.3  I 
803.9  ! 
806.7 

823.3 

842.0 

859.3 

895.0 

1,068.0  I 

1,116.0  ' 

1,191.0  I 


T 


a  Authority:  No.  1,  Chicago,  Milwaukee  and  St.  Paul  Railway;  2-11,  O'Keef  &  Orbisc 
Wis.;  12,  Wisconsin  Central  Railway;  13.  Minneapolis.  St.  Paul,  and  Sault  Ste.  Marie  Rai 
15,  Chicago,  St.  Paul.  Minneapolis  and  Omaha  Railway. 

A  study  of  this  table  shows  that  Red  dedar  River  hoM  a  high  gradient,  averaginj 
mile  in  the  last  74  miles,  with  frequent  concentrations  of  descent.  No  gagings 
have  been  made.  Tributaries  entering  the  river  from  the  west  flow  through  a 
soil,  but  the  upper  and  eastern  portions  of  the  drainage  area  have  a  sandy-loan 
therefore  likely  that  this  river  has  a  fairly  uniform  flow.  The  decline  of  the  luml 
ests  greatly  increases  the  value  of  the  Red  Cedar  Riv(»r  as  a  power  producer. 

Water  powers  and  dams. — In  the  30  miles  b<>low  Hay  River  the  Red  Cedar  dci 
feet,  and  as  this  region  borders  the  prairie  n^gion  and  is  thickly  settled,  the  six 
included  will  probably  be  developed  to  the  full  extent  in  the  near  future.  T 
ment  includes:  (1)  The  construction  of  a  dam  at  Dunnville,  2  miles  above  the  r 
river,  giving  a  head  of  15.6  feet  and  an  estimated  1,6H5  horsepower;  (2)  the  n 
present  dam  at  Downsville  4  feet,  giving  a  total  head  of  23.2  feet  and  an  estii 
horsepower;  (3)  the  construction  of  a  dam  at  Irving,  with  a  total  head  of  21.9  fe 
estimated  2,260  horsepower;  (4)  the  raising  of  the  present  dam  at  Men6monie  5 
obtaining  a  total  head  of  18.4  feet  and  an  estimated  1,S(X)  horsepower;  (5)  the  I 
new  dam  near  the  ** Omaha''  bridge,  2.8  miles  above  Menomonie,  with  a  head  of  ] 
an  estimat^'d  1,700  horsepower;  (6)  the  raising  of  the  present  dam  at  Cedar  rapi 
giving  a  total  head  of  40  feet  and  an  estimated  3,S(X)  horsepower.**  Recently  al 
owned  by  Knapp,  Stout  &  Co.,  including  many  of  the  most  valuable  on  the  rive 


a  This  statement  is  based  on  a  careful  survey  for  tho  owners  made  by  O'Kcof  &  Orbis 
engineers,  of  Appleton,  Wis.,  ano  an  estimated  run-otl  of  0.401  second-foot  per  square  mi 
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acquired  by  the  Wisconsin  Power  Company,  of  Chicago,  111.     The  location  of  10  dams  owned 
by  this  company  is  shown  in  the  following  tabic: 

Darris  on  Red  Cedar  River  owned  by  the  Wisconsin  Power  Company. 


Location. 


Sec.  25,  T.37N.,  R.  low. 
Sec.  2,  T.  36N.,  R.  lOW.. 
Sec.  25,  T.  36N.,  R.  lOW. 
Sec.  30,  T.  36N.,  R.  9W.. 
Sec.  29,  T.  36N.,  R.  9W.. 


Sec.  13,  T.  34  N..  R.  10  W '      12.0 


Sec.  30,  T.  33N..  R.  10  W. 

Downsville 

Menomonie 

Cedar  Falls 


Head. 

AraouDt  of 
flowage. 

Authority. 

Feet. 

Cubic  feet. 

14.0 

1,674,000.000 

U.  S.  engineers. 

7.0 

405,000,000 

Do. 

12.0 

1 

10.0  1 

[      135,000,000 

Do. 

10.0 

1 

12.0  1 

40,500.000 

Do. 

10.0  : 

810,000.000 

Do. 

19.0  1 

J.  W.  OrbiBon. 

15.5  1 

Do 

18.7  1 

1 

Do. 

. L 

Railroads. — Between  the  mouth  of  Red  Cedar  River  and  Menomonie  the  Chicago,  Milwau- 
kee and  St.  Paul  Railway  closely  parallels  the  river.  In  this  stretch  of  17  miles  are  situated 
the  most  important  powers.  Above  Menomonie  the  drainage  is  crossed  by  the  Chicago, 
Milwaukee  and  St.  Paul,  the  Chicago,  St.  Paul,  Minneapolis  and  Omaha,  the  Wisconsin 
Central,  and  the  Minneapolis,  St.  Paul  and  Sault  Ste.  Marie  railways. 

EAU   CLAIRE   RIVER. 

Ranked  in  order  of  its  drainage  area  (900  square  miles),  Eau  Claire  River  is  third  among 
the  tributaries  of  the  Chippewa.    The  greater  part  of  this  area  is  underlain  by  the  Cam- 
brian sandstone,  and  all  except  the  upper  headwaters  drain  a  sandy-loam  soil,  as  will  be 
seen  from  PI.  II.    Like  most  of  the  neighboring  rivers,  the  Eau  Claire  has  been  an  impor- 
tant lumbering  stream,  with  many  flooding  dams.     Very  few  water  powers  have  been 
utilized.    The  first  developed  water  power  is  about  500  feet  from  the  mouth  of  the  river, 
where  a  dam  300  feet  long  develops  a  head  of  11  feet  to  run  a  linen  mill,  which  uses  only 
p&rt  of  the  power  thus  furnished.     About  3,000  feet  farther  upstream  is  a  second  dam, 
with  an  average  head  of  13J  feet,  owned  by  the  Northwestern  Luml)er  Company.     An 
installation  of  turbines  of  420  horsepower  is  reported.     This  is  used  in  running  a  sawmill, 
a  machine  shop,  and  dynamos.     The  same  company  reports  the  three  following  lumbering 
dams  on  this  river,  but  none  of  the  resulting  water  power  is  utilized  at  the  present  time. 
In  the  NW.  \  NE.  J  sec.  14,  T.  27  N.,  R.  9  W.,  is  a  dam  with  a  7-foot  he^d,  capable  at  ordi- 
nary low  water  of  furnishing  210  theoretical  horsepower.     In  the  SW.  \  NE.  J  sec.  13, 
T.  27  N.,  R.  8  W.,  is  a  timber  dam  with  a  head  of  8  feet,  which  could  easily  and  cheaply 
be  increased  to  20  feet,  thus  producing  at  ordinary  low  water  540  theoretical  horsepower. 
The  third  dam,  with  a  present  head  of  20  feet,  is  reported  in  the  SW.  }  SW.  J  sec.  5,  T.  26 
N.,  R.  6  W.     This  dam  has  not  been  used  for  many  years  and  i.s  much  in  need  of  repairs. 
There  are  many  other  opportunities  for  developing  water  powers  on  the  Eau  Claire  River, 
•8  well  as  on  its  tributaries. 

JUMP   RIVER. 

As  its  name  would  imply,  Jump  River  is  a  very  rapid  stream,  with  numeroius  falls  i^nd 

"^pids,  making  a  descent" of  nearly  500  feet  in  its  entire  length  of  65  mik*s.     Its  drainage 

a*^  of  720  square  miles  is  a  long  and  narrow  one,  and  with  only  a  few  unimportant  excep- 

[      tions  is  devoid  of  lakes  and  swamps.     As  a  result  the  river  has  a  very  uneven  flow  as  com- 

j      Pw^  with  the  Flambeau,  which  stream  it  resembles  in  flowing  through  a  valley  whoso 

I      soil  is  a  clayey  loam.    The  main  portion  of  the  Jump  River  valley  Viaa  wvi  t^^To^^^  «lw^\^ 
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sparsely  settled.  A  branch  of  the  Wisconsin  Central  is  now  being  built  across  this  dnin- 
age.  The  most  important  falls  on  the  river,  35  feet  in  height,  are  in  sec.  20,  T.  34  N., 
R.  2  W.,  alx)ut  1  mile  east  of  the  junction  of  North  and  South  forks«  but  there  are  numer- 
ous other  dam  sites  of  15  to  20  foot  head,  which  will  doubtless  bo  utilized  when  this 
section  is  settled. 

YELLOW   RIVER. 

The  drainage  area  of  Yellow  River  is  460  square  miles,  distributed  in  a  long,  narrow 
valley.  The  lower  half  of  the  valley  has  a  sandy  soil,  the  upper  part  a  clayey  lotin. 
While  the  gradient  of  Yellow  River  is  not  so  great  as  that  of  its  neighbor,  Jump  River, 
it  has  a  rapid  current.  As  in  the  case  of  other  rivers  in  this  region  the  only  dams  buOt 
were  for  logging  purposes.  Ttie  Miller  dam  is  said  to  be  the  only  one  remaining.  Three 
other  dams,  one  at  Colbum,  one  in  sec.  7,  T.  29  N.,  R.  5  W.,  and  one  at  Cadott,  have  til 
been  carried  away  by  floods.     The  river  is  crossed  by  three  railroads. 

SMALLER   TRIBUTARIES. 

Chippewa  River  has  a  host  of  smaller  tributaries,  nearly  all  of  which,  because  of  their 
rapid  currents  and  high,  rocky  banks,  can  be  cheaply  developed.  Duncan  Creek  is  a  good 
example  of  what  can  be  done  with  this  class  of  tributaries.  Although  only  25  miles  long, 
it  has  five  dams  with  an  aggregate  head  of  68  feet.  Four  gristmills,  with  a  total  turbine 
capacity  of  over  500  horsepower,  take  their  power  from  this  creek.  Below  the  "Star 
mills,"  in  the  city  of  Chippewa  Falls,  is  an  unimproved  power  of  14-foot  head;  and  imme- 
diately below  this  site  is  a  dam  with  a  9-foot  head,  belonging  to  the  Gatzian  Shoe  Manu- 
facturing Company.  The  significant  point  regarding  powers  of  this  class  is  that  they  are 
cheaply  improved  and  very  widely  distributed.  The  locations  of  some  of  them  are  shown 
in  the  following  table: 

Dani8  on  smaller  irihutaries  of  Chippeun  River. 


Location. 


ArkansHW  Cnvk,  ArkanHaw 

Bass  Crrek,  Afton 

Bear  Creek,  Durand 

Bridge  Creek: 

Augusta 

Sec.  18.  T.  2<),  K.  6  W 

Duiiean  Creek: 

Chlpix?wa  Falhs 

Do 

Do 

S-M-.M,  T.  LtJ  N.,  U.HW 

S^'e.  •J4.  T.  •.»«♦  N.,  U.  1»  W 


8er.  S,  T.  M)  N.,  U. 


(lOtKiHii  Sluw  Co 

I^inonkugel  Brcntlng  Co... 

Ix'inenkugel  Co.,  flour 

(Hen  mills,  flour 

(5.  NV.  Lcvkin.  Tilden  flour- 
ing milli). 
9  W Hloonier  mills,  flour 


Owner  and  use. 


Head. 


!  InsUl- 
Ution. 


Mills  A  Son,gri8tralll ' 

\Vm.  I >enoger, flouring  mill.! 
Durand  roller  mill,  flour I 


Dells  Milling  Co.,  flour.. 
F.  P.  Waddcll 


EiRht<Mnimilo  Cnt^k,  Colfax J.  A.  An<lersoii  A:  Son,  grist 

and  saw  mill. 


Hay  Uiver,  Prairie  farm I*.  F.  Milling  Co., 

Jump  River: 

See.  2(),  T.  34  N..  K.  J  W i 

Westboro '  

Lowes  Creek,  sec.  4,  T.  26  N..  K.  9  \V i  W.  J.  Davis 


grist. 


Feet. 
12 
9 

18  I 

20 
20 

9 
14 
16 
20 
10 

12 
14 


35 


B.P- 


25 
40 
73 


o  Undeveloped. 


f>  Unused. 


£30 
c  Could  be  raised  8  feet. 


330 
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Dams  on  gmaller  tributaries  of  Chippewa  River — Continued. 


LocatioD.  Own: T  and  ua:*.  Head. 


Instsl- 
'  lation. 


O'Neals  Creek,  west  branch:  .    Feet.   |  //.  P. 

Sec.  26,  T.  31  N..K.  ft  W Wm.  Durch,  grist  and  saw  8  30 

I      mUl.  I 

Nearmoiith F.  0.  AC.  A.  Stanley,  saw- '         22;  50 

I 


mill. 

Eagle  Point ]  M.  Ro8mii8,electriclight..  J         12 

Otter  Creek,  Fan  Claire R.  Clark,  flour 18 

Pine  Creek:  I 

[.ucas T.  Teegarden.  grist  and  saw  |         12 

mill. 


Sand  Creek. 
Dalles 


Plover  River: 
Shantytown 


A.   F.  Johnson,  grist  and  I  6 

sAyy  mill. 

J.  A.  Anderson,  gri::t  ami  i  8 

saw  mill. 

I 


S.  Y.  Bentley.  sawmill ,  7 

Jordan j  A.  Van  Orden 14 

Bevent i do '  7 


150 
95 

80 
96 
50 


40 
100 
(«) 

Rock  Creek,  sec.  22,  T.  27  N.,  R.  11  W ;  T>.  W.  Andrews,  flour. !         35  j  75 

Tiffany  Creek.  Boyceville '  A.  A.  Hoyr  A  Bro..  grist...l  9  1  30 


a  Hndeveloped. 

ST.  CROIX  RIVER  SYSTEM. 

TOPOGRAPHY  AN1>  DRAINAGE. 

St.  Croix  River  rises  at  an  elevation  of  1,010  a  feet,  in  St.  Croix  Lake,  on  the  Lake  Supe- 
rior divide,  only  20  miles  from  Lake  Superior.  The  lower  two-thirds  of  its  length  forms  a 
part  of  the  Minnesota  t)oundary.  In  its  total  length  of  168  miles  it  descends  344  feet,  all 
but  20  feet  of  which  is  in  the  upper  116  miles,  making  the  average  for  this  upper  portion 
nearly  3  feet  per  mile.  This  slope  is  fully  six  times  the  slope  of  Mississippi  River  above 
Minneapolis,  and,  according  to  United  States  engineers,  has  an  important  bearing  on  the 
relatively  large  run-off  as  compared  with  Mississippi  Valley  alx)ve.  Another  important 
feature  of  this  region  is  its  relatively  small  numl)er  of  lakes,  these  forming  only  3  per  cent  of 
the  total  drainage  area  as  compared  with  11  per  cent  in  Mississippi  Valley  above  Minne- 
af>olLs.a  Evaporation  on  lake  surfaces  is  probably  nearly  equal  to  the  precipitation  for 
the  corresponding  period.  The  total  drainage  area  comprises  7,576  square  miles,  the 
greater  part  of  which  is  in  Wisconsin.  The  Wisconsin  portion  has  a  width  of  50  miles  on 
its  northern  margin  and  extends  southwesterly  toward  Mississippi  River,  a  distance  of  about 
150  miles. 

The  topography  may  be  dc8cril)ed  under  three  heads— (1)  the  level  area,  (2)  the  rolling  and  swelling 
hill  districts,  and  (3)  the  knoll  and  basin  combination.  The  first  Includes  the  so-called  "barrens" 
which  border  the  streams  and  some  elevated  plateaus,  together  with  smaller  scattered  areas.  The 
third  class  may  be  descrilnnl  as  a  belt  lying  near  the  southeastern  watershed  and  stretching  from  the 
vicinity  of  Lake  Namekagon  southwestward  to  the  St.  Croix.  The  second  class  includes  most  of  the 
territory  which  remains.  f> 

Marshes  are  quite  as  infrequent  as  the  lakes  and  occur  only  on  the  river  l)ottoms.  Not 
half  of  the  lakes  are  visibly  connected  with  the  rivers,  but  Iwcause  of  the  open  soil  they  are 
likely  to  have  underground  connection.  There  are  iLsually  lumlx;ring  dams  on  such  lakes 
as  have  outlets,  and  these  lakes,  together  with  the  numennis  smaller  depressions,  play  an 
important  part  in  the  preventing  of  freshets.  The  lakes  of  this  region  arrange  themselves 
into  two  groups — one,  lying  mostly  in  the  "  barrens,"  adjacent  and  parallel  to  the  upper  St. 


a  Repts.  Chief  Eng.  H.  S.  Army,  \8»V,  V«8a. 
b  Ge<)L  Wisconsin,  vol  A,  1880,  p.  3"0. 
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Croix  and  extending  southwest  from  its  source  to  the  point  where  the  stream  tums  aoutli- 
ward,  and  a  second  group  in  the  extreme  southeastern  portion  of  this  region,  oocurring  in 
the  depressions  of  the  ''Kettle  moraine.'^  As  the  water  of  this  region  flows  ahnost  exclu- 
sively over  the  crjrstalline  rocks  and  sandstones,  or  the  drift  derived  from  them,  it  e  in 
general  soft,  though  usually  amber  colored.  Springs  are  very  common,  many  of  the  lakes 
being  fed  almost  entirely  by  them.  They  are  especially  frequent  in  the  Cambrian  sand- 
stone and  tend  to  equalize  the  flow  of  all  the  streams. 

The  apportionment  of  drainage  areas  is  shown  in  the  following  table: 

Distances  and  drainage  areas  of  Si.  Croix  River. 


River.*" 


Distance 
from 
source 
(map 

measure). 


Dralnagi 
ant 
above 

statioD. 


St.  Croix,  source 

Eau  Claire: 

Above  moutli 

Mouth 

Namekagon 

Yellow 

Clam: 

Above  mouth 

Mouth 

Kettle: 

Above  mouth 

Mouth 

Snake 

Wood 

Sunrise 

St.  Croix,  St.  Croix  rapids. 

Apple 

Willow 

St.  Croix,  mouth 


Miles.   ^Sq.mOa. 


6.5 

6.5 

38.0 

SO.0 

64.0 
64.0 

76.0 
75.0 
79.0 
84.0 
100.0 
120.0 
138.0 
151.0 
168.0 
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224 

1.451 

2.064 

2,48 
2.844 

3,046 
4,1» 
5.007 
5.281 
5,857 
6,202 
6,951 
7,301 
7,576 


o  Station  is  at  mouth  of  river,  unless  otherwise  stated. 

PHOFILE. 

The  following  table  p:ivos,  upon  the  authority  of  United  State-s  engineers,  elevations 
above  the  sea  and  gradients  per  mile  of  St.  Ooix  River  at  twenty  points  between  its  mouth 
and  its  source*: 
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Profile  of  St.  Croix  River  from  its  mouih  to  St.  Croix  Lake, 


Sutton. 


Distance. 


From 
mouth. 


Between 
points. 


:   Eleva- 
;     tion 
above  se 
level. 


j     Descent  be- 
tween points. 


I  of  river 

er,  mouth j 

»uth 1 

1 

1 
head  of  aavigation  > 

Mith    ' 

(louth 1 

R .  20  W 

Hith                                    ' 

3id«,  foot ..' 

outh ---     --  -  1 

pids,  head  (proposed  I' 
1  W) 

.8.  dam,  .«m>c.  2, 

nth    

K .  1 8  W 

lOUth 

■er,  mouth 

outh            

R.  13W.: 

MiUs.        AfiUt.         Feet. 
0.0- a667.0 


5.0  I 
28.0  I 
42.0 
48.0 
fiO.O 
05.0 
75.0 
79.0 
80.0 
89.0 
90.0 

93.0 
101.0 
103.5 
115.0 
127.0 
139.0 

144.0 
144.0 
IGO.O 


5.0  , 
23.0 
14.0 

fi.0 
12.0 

5.0 
10.0 

4.0 

7.0 

3.0 

1.0  ' 

3.0 
8.0 
2.5 
11.5 
12.0 
12.0 

5.0 

.0 

10.0 


I 


072.0 

083.0 

087.0 

753.0 

758.5 

773.0 

±782.0 

±790.0 

±801.0 

±810.0 

±850.0 

-^  808.0  , 

874.0 

888.0 

908.0 

1,001.0 

1,001.5 
1.00&3 
1,010.0 


1  Total. 

Per 
mile. 

1    teei. 

Feet. 

1        1.0 

0.2 

!    ^0 

.2 

1      11.0 

.8 

4.0 

.7 

0.0 

5.5 

5.5 

1.1 

14.5 

1.4 

9.0 

2.2 

8.0 

1.1 

11.0 

3.7 

15.0 

14  n 

15.0 

34.0 
18.0 
0.0 
14.0  ' 
20.0  ' 
93.0 

.5 

3.8  i 
4.7  , 


11.3 
2.2 
2.4 
1.2 
1.7 
7.7 


.1 
.3 


«  Low-wutor  eh'vation. 

GEOLOGY. 

entire  watershed  ha.s  l)oen  glaciated  to  such  an  extent  that  outcrops,  except 
I,  are  very  infrequent.  According  to  the  reports  of  the  Wisconsin  Geological 
ntral  and  by  far  the  gn^at^r  portion  of  this  area  is  underlain  by  the  pre-Cam- 
le  rocks  known  as  the  "  Keweenawan."  This  belt  narrows  toward  the  south, 
th  on  the  east  and  west  to  the  Cambrian  sandstones.  These  pre-Cambrian 
ks  intersect  St.  Croix  River  at  St.  (Voix  Falls,  and  l)ecause  of  their  greater 
caused  the  falls  and  rapids — the  most  important  on  the  entire  river — which 
•  7  mile^  above  the  city  of  Taylors  Falls.  Minn. 

R.VIXFALL  AND   HU X-OFF. 

States  Geological  Survey  has  maintained  a  gaging  station  SJ  miles  above  St. 
is.,  since  1903.  The  gage  heights  art^  referred  to  four  iron  pins  on  the  right 
w  the  gaging  station,  the  elevations  of  which  arc  referred  to  the  datum  of  the 
>f  the  St.  Ch*oix  River  survey.     Their  elevations  are  as  follows. 

Foct. 

732.08 

734.54 

736.10 

737.57 

iber  of  measurements  were  obtained  during  1903,  and  the  gage  was  read  daily 
day.     Discharge  measurements  were  made  from  a  boai  \w\dSiv"^«LC.ft\s^  ^nrywv 
1  Across  the  river  Ix^tweon  two  trees.     The  initial  poiYVt  loi  aowtk^TV^N^^'*'^'^ 
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tical  rod  on  the  left  bank.  The  channel  is  straight  for  about  800  feet  above  and  \Ji 
below  the  station,  while  the  banks  are  high  and  can  not  overflow.  The  section  is  ) 
smooth,  and  permanent,  and  the  vplo<-ity  is  never  sluggish,  making  this  on  the  whol 
tion  at  which  good  results  arc  obtainable.  The  drainage  area  at  this  point  is  6^70 
miles. 

Discharge  measureinenia  of  St.  Croix  Riwr  near  St.  Croix  FaJlSy  Wwr.,  in  1903. 


Date. 


1903. 


Hy<]n>grHpht»r. 


May  22 E.  Johnson,  jr. . 

August  11 \V.  K.  Hoag 

October  9 L  K.  Stockman. 


he^t. 

I)b 

Frrt. 

Seo 

4.00 

2.70 

3.84 

Discharge  data  relating  to  St.  CYoix  River  near  St.  (Voix  Falls,  Wis.,  obtained  throi 
United  States  Cieological  Survey,  have  U'cn  supplemented  by  data  supplied  by  Lo" 
Wolf,  civil  engineers,  of  St .  Paul,  Minn.     The  results  are  eml)odied  in  the  following  ta 

Daily  discharge,  in  second-feet,  of  St.  Croix  Riirr  near  St.  Croix  Foils,  Wis.,  January  IC 

to  December.il,  KH)^. 


Day. 

1902. 
1.... 
2.... 
3.... 
4.... 
5.... 
6.... 


Jan.      FeJ).       Mar.    |    Apr.       May.      June      July. 


8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
If.. 
17. 
18. 
10. 
2(). 


23. 
24. 
25. 
20. 
27. 
28. 
29. 
30. 
31. 


1.S95 
1.910 
l.Wi) 

i.s.'in 

1.1X5 

i.7rK5 

1.775 
1 .  795 
1 .  KSO 
l..S(iO 

i.injD 

1 .  S75 

i.<i:tt) 

I .  Hii) 

\,m) 

1,98,') 
1.975 

1 .  m) 

1 . 9,*^) 
l.'.rjo 
1 . 9()5 
l.K9() 


1.820 
1.875 
1.930 
1.700 
1.7rrf) 
1.7.55 
l,7.-)0 
1,770 
1.7«i5 
1.7m 
1.7.'i0 
1.7.7) 
1.815 
1 .  870 
1.990 
1.990 
1 .  m) 
1 .  IM) 
1 .  990 
1 .  m) 
1 .  990 

1 .  990 
2.(rj7 

2.()«M 

2. 1 10 

2.  ISO 
2.  '2ii) 
2.  480 


2.425 
2.442 
2.4<iO 
2.  .'iOO 
2.  .370 
2.420 
2.  '270 


4.r..V) 
4.995 

4.rH'i<) 

4.  UK) 
4.0.15 
3. 470 
3.110 
3.117 
3. 125 
3, 125 
.3,125 
3.0,37 

2.  aw 


2.910 
2.840 
.300 
400 
2. 7.50 
2.  .51 5 
2.280 
2.280 
2, 190 
2,110 
1,990 
1,870 
l,4r.8 
2,0<>5 
2,020 
2. 170 
2.070 
5. 190 
1.510 
l.(K)5  I 

nn) 

5.540  ; 
440  ' 

•■""  I 

1.0.7)  I 

2.7(iO  I 

3,025  I 

3,2<10  ! 
3, 4S0 
3.7.-50 


3,9,30 
4.(K»0 
3. 910 
.3.920 
.3.ft't5 
4.900 
.3.980 
4.880 

4.  ^i) 
4,5JI0 
4. 4.'iO 
.5.8,50 
(i.  1.50 
5.250 
4.780 
4.875 
4.820 
4.940 
5.0«».5 

5.  .300 
5. 870 
7.0S0 
9.  CW 
7.2.50 
r..  420 
5.  .585 
5. 7(iO 
5.  OiK) 
f..()70 
4.9.30 
.5,290 


5.150 
5,010 
4,480 
9,798 
11.871 
10.9,5«i 
10.010 

9. 2fil 
10. 4<i8 
0. 810 
7.  TiOO 
8.289 
4.780 
0,.150 
4.220 
3. 420 
3.  ,'>8() 
0.  .17) 
3. 7S() 

.3,.«)0 
3,400 
0.000 
3.  .5tlO 
4. 145 
4.:W) 
4.'2(K) 
2, 5.7) 
4.0<K) 


0, 090 
4.490 
4.8.30 
4.700 
7.:W) 
5. 200 
12. 100 
11.093 
11.1.37 
12.947 
8. 978 
7.98t) 
0. 7(K) 
0.000 
5. 780 
4,800 
4.:M) 
3.800 
5.210 

2.  S.7) 
3.405 

3.  .Vtf ) 
3.  TrOO 
3. 1.8,5 
2.  .7i0 
7,2.7) 

8.7) 

7.7) 

2.515 

2.515 

2.010 


Aug.       Sept.       Oct.       Nov. 


2.270 

1.740 

1.790 

1.825 

1,870 

2.0.35 

2. 2<iO 

1,980 

1.000 

1,990 

3.970 

1.080 

1,120 

1,015  ' 

1,.570 

i.rm 
i..7io  ; 

1 .  TiOO 
1 .  510 
1 .  .7)0 
1.480 
1.480 
1..575 
1.495 
1 .  405 
3. 8.7) 
1..K<'.0 
1.740 
1 .  4r--) 

5.  «ni5 
1 .  795 


1,725 
1,730 
1,(180 
1.840 
1.700 
2.S<iO 
2.550  I 
2.220  I 


4.110 
.3.500 
1.720 
1..100 
1.640 
ir560 
1,355 
1,355 
1.540 
1.480 
1.120 
510 
2.800 
2.070 
2.540 
2,  .305 
1.005 
1.135 
1,120 
3.0.7) 
2.210 
2. 310 


2,330 
2,390 
2.395 
1.085 
2.150 
2.445 
2.390 
2.290 
2.050 

930 
2.950 
1.9.W 
2.040 
2,000 
1,915 

800 

845 
3,000 
1,940 
1.925 
2.040 
1.980 
2.040 

850 
1,100 
2,300 
2,310 
2.000 
2.890 
1.875 
2.840 


5.190 
3,950 
.3.290 
4.740 
.3.910 
4,180 
4.030 
4.740 
4.500 
,3.290 
2.900 
,3.195 
4.300 
4.530 
4.900 
4,000 
4,700 
4.  ,580 
5.100 
3.090 
4,005 
4.1fO 
4.250 
4.0(i0 
3.720 
.3,555 
.3.680 
3.000 
3.050 
2.050 
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in  seeondrftei,  of  St.  Croix  River  near  Si.  Croix  Falls,  Wis.,  January  10, 1902, 
to  December  SI,  iiX)^— Continued. 


b. 

Mar. 

Apr. 

«.y.  1 

1 
June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

I'lO 

1,940 
1,920 

6,770 
9,800 
10,750 

1 

8,920 
9,555 

7.680 

251 

4,570 

fKft 

10.420 

3.030 

4.800 

60 

1,920 
1,960 
1.965 

(9.490) 
8.560 

5.050 

1 

TO 

12,220 

6. 170 

flO 

15,200 

7,910 

6,710 

15 

1.885 

10,350 

1.5,611 

7,340 

8.640 

1,600 

C» 

1,990 

8,850 

l.**.  176 

(6.805) 

7,900 

•15 

2.050 

11.645 

13.835 

6.270 

8.880 

(7.600) 

95 

2,110 

17.975 

12,150 

6.010 

10. 155 

(7.280) 



AS 

16.438 

5. 760 

10.870 

7.170 

I'iO 

18,272 
20  166 

9.245 
16, 157 

5, 1(» 
6,190 

11.630 

4  8.30 

VS) 

(10.437) 
9.245 

5  510 

•T*) 

7,320 
(6.910) 
6,500 

5,  .340 

110 

• 
7.250 

7,200 

.5,. '1,50 
(4,792) 

170 

15,  .382 

140 

14  080 

5  825 

6  915 

4  235 

;70 

4.  aw 

12.800 



5. 1.30 

6.790 

4, 1,50 

(70 

4.530 

5, 7.'>5 

6.0.35 

3.460 

UtO 

6.480 

12.540 

4,. 300 

(5,592) 

3,  .580 



00 

9  890 

10.260 

13  8.30 

.').  l.W 

4  .34'iO 

45 

11.440 

1.3.790 

4,. 540 

4,740 

ro 

1I,4€0 
11.480 

10..'i80 
11.230 

1..542 
2,7(X) 

4  375 

no 

3,990 

3.220 

fV) 

10,740 

6,800 

11.665 

2.710 

l.S.'W 

M5 

0,660 
10.100 

9.740 

12.100 

2,r>40 

5.590 

r^o 

9.265 

9.580 

2,  ."MS 

(4,670) 

«o 

9.530 

8.790 

12,020 

(2,475) 

3,75f) 

1 

170 

8.725 

10,4<iO 

12.640 

(2,420) 

4.770 



8.590 
8.445 

10. OHO 
8,925 

11,420 
10.f>40 

2,360 
907 

4,7.30 
4, 485 

8.1G0 

(9. 1»i0) 

4., 570 

10 

2.580 

.5.5<'iO 

8,400 

6.  .340 

0. 170 

840 

.3.9.50 

8,780 

1,690 

190 

2.570 

6. 130 

7..'VflO 

5.  .520 

.5.8;50 

1.080 

4.. 5.10 

(3.840) 

8,040 

1.760 

KjO 

2.520 

(7.000) 

7.540 

6.050 

(.3,«J30. 

1.480 

4.610 

3.720 

7,. 590 

2,210 

MO 

2.  .390 

8.080 

7,480 

7.0.'5O 

1.410 

3. 460 

(4.7.50) 

,3,3<'.0 

6,780 

(2.400) 

160 

2.290 

9.873 

7.. 380 

(12.  .560) 

(3.010) 

2. 2.50 

4.900 

11,310 

.3,280 

2.620 

170 

2.390 

12,390 

S.2i)0 

17.180 

4.610 

1.990 

4.870 

1.240 

(4.2,30) 

2,740 

►40) 

2,490 

15,ft30 

8.790 

17.020 

4.780 

2.040 

5.040 

(2.800) 

5. 230 

2,890 

120 

2.600 

10,900 

(10,  .320) 

17.4«iO 

4.610 

2.100 

4,690 

4.690 

5. 440 

2.970 

60 

2,590 

18,  .300 

(11,8.'50. 

lo.i^'iO 

4.970 

2.210 

4,riOO 

(3. 4<M)) 

5, 7(K) 

2.770 

10 

2,,jfi0 

(10.600) 

13,  .370 

12.040 

2.<h;o 

2. 100 

(4,030) 

2,120 

4,9(X) 

2.820 

100 

2.590 

15,0(10 

11,300 

12.  (.10 

9.7) 

2.000 

(3. 4m) 

10,430 

5. 3:jo 

(2.820) 

GO 

2,640 

14.010 

9,490 

(12.070) 

3.  -IHO 

2.:m 

2.820 

15,020 

5.  (.00 

2,8,30 

100 

2,650 

10..-)00 

8,5.'i0 

11.. '^.-.o 

3.8(,0 

2.340 

(2.  .380) 

14.270 

(.5.540) 

2,500 

40) 

2.G60 

7.010 

8. 980 

1I..TJ0 

.{.  7.50 

(1.7.50) 

1.940 

13.800 

5. 470 

2,420 

SO) 

2.700 

12. 5<iO 

8,  «mO 

7.S80 

3.81)0 

1.150 

2.150 

12,,5<10 

.5.250 

2.220 

!.*» 

2. 740 

10.010 

8,:{1() 

H.  :,40 

3.990 

9.50 

3. 480 

4,970 

2,380 

130 

2,690 

(9.4riO. 

7.2.H() 

7.»i2H 

1 2.  .5.30) 

i.4:«) 

3. 190 

lO.OfO 

4,770 

2,  .330 

m 

2.700 

(S.'Lt)) 

7.820 

8.140 

1.080 

3.  .370 

(3.  ir.0) 

10.760 

4.. 570 

2,  .320 

110 

2,750 

8.:i8() 

r,.8»;o 

8.710 

1.140 

1.920 

3. 140 

10,310 

^   4,48ft 

^1,»» 

50 

(o) 

7.  S.H) 

.').  2:jO 

«l.280 

3.7W) 

'2,*24S^ 

•i.^> 

\1,1^^ 

\  ^.Si,'?^ 

SV.  'J^'JSft 

a^ 

iarcli  20  t(»2:).  1 

L'»*  HOlUg 

out. 
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Daily  diachargef  in  second-feet j  of  St.  Croix  River  near  St.  Croix  Falls,  Wis.,  January  lO,  190S, 
to  December  31,  1.904— Continued. 


Day. 

Jan. 

Feb. 

1904. 

21.... 

2,440 

(2,370) 

22.... 

2.630 

2,290 

23.... 

2,620 

2,330 

24.... 

(2,570) 

2.230 

25.... 

2,520 

2,280 

26.... 

2,330 

2.410 

27.... 

2,390 

2,460 

28.... 

2,280 

2.480 

29.... 

2.270 

2,520 

30.... 

2.250 

31 

1 

Mar.   i    Apr. 


;    7,490 

I    7.530 

'  11.260 

(10.810) 

10.360 

3,090  11.170 
(3,370)  11,230 
3,6<'iO  !  10.769 
3,300  '  10,850 
3,770  I  9.490 
4.510  ' 


May. 


6,390 
(6,900) 
(7,600) 
8,000 
7,790 
8,760 
8.030 
7.390 
(6. 700 J 
6.060  I 
6.440  I 


June. 


6,730 
5.630 
5.820 
4,960 
5,190 
(3,380) 
1,570 
4,850 
5,330 


5,320 


July. 


3,420 
3,170 
3,270  I 
(2. 240) I 
1.210 
1.050 
2.580 
2.780 
2.720 
2.810 


I 


I 


Aug. 


(3,760) 
5,290 
4,390 
2,520 
2,070 
2,510 
2,480 

(2,230) 
1,960 
2,260 

(3,000) 


Sept.   j    Oct. 


2,750 
2.380 
2.480 
2,700  I 

(3,240), 
3,790  1 
3,dB0| 
3,500  j 
3.580  ; 

(3, 


(15,700) 
18.700 

(18,010) 
17,330 
16.180 
15.540 
12,710 
12,910 
10,500 

(10,410) 
10,230 


Nov.      Doc. 


4,190  2.160 
4,030  2,449 
4.000  2,M) 
4,1207.90 
3,720  (2.430) 
3.710,2.430 
(3.300)  2.40 
2,890  '(2.4fi) 
2.800  '(2,420) 
(2,250)  (2,400) 
12.300 


Estimated  monthly  discharge  of  St.  Croix.  River  at  St.  Croix  Falls,  Wis.,  for  1902,  1903,  aid 

190i. 

[Drainago  aroa,  6,370  8<)uaro  miles.] 


Date. 


1902. 


January... 
February . . 

March 

April 

May 

Juno 

July 

August 

.Septoml)or. 

October 

November. 
I)<>oeml>er. . 


The  year. 


January... 
February. . 

March 

April 

May 

J  une 

July 

August 

Sept<?ml»er. 

October 

Novemljer. 
December.. 


Dischargp 

Run-Off. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Per 
square 
mile. 

Depth. 

RainfaIL« 

Sec. -feel. 

Sec. 'feet. 

Sec-feet. 

See.-feet. 

Tnchet. 

Indus. 

1.080 

1.680 

1,880 

0.31 

0.36 

0.90 

2,480 

1,700 

1,880 

.31 

.36 

.M 

5,000 

2.380 

3,300 

.60 

.60 

.10 

5,560 

200 

2,220 

.37 

.41 

108 

9.000 

4,100 

2,020 

.33 

.38 

Id 

11.870 

960 

5.950 

.99 

1.14 

3.9 

12,106 

760 

5.500 

.92 

1.06 

6.30 

6,000 

1,020 

1,860 

..31 

.36 

2.S 

4.100 

400 

1.860 

.31 

.36 

3.20 

a.fiOO 

800 

2,000 

.33 

.38 

1.58 

.'i.200 

2,:m 

4.080 

.68 

.77 

2.71 

2,;V)() 

2.020 

2.100 

.35 

.40 

2.11 

12. 106 

200 

2,912 

.48 

6.67 

29.77 

2,040 

1 .  740 

1.920 

.32 

.37 

.50 

2,020 

1.700 

1,880 

.31 

.36 

.88 

1 1 . 480 

i,9t;() 

.'i,:iOO 

.92 

1.05 

1.97 

20.  IS.-) 

r).8oo 

12.000 

2.00 

2.30 

2.78 

l»).  157 

S,020 

12,700 

2.12 

2.43 

5.78 

7.900 

9<>i 

.''.,050 

.84 

.90 

1.69 

ll.(J20 

i.'il 

(J.. -WO 

1.06 

1.21 

6.7S 

7.{)0() 

l.GOO 

4,  aw 

.81 

.92 

4.77 

H.tns 

r),9«io 

ll.?.^ 

1.96 

2.26 

7.27 

29.J511 

-).740 

12,780 

2.13 

2.44 

4.11 

7.000 

K^ 

4,270 

.71 

.81 

.68 

3,440 

2.340 

2.740 

.46 

.52 

.97 

29,611 

b2,-)l 

6.816 

1.14 

15.63 

38.22 

The  ye^ir 29, 611 


o  This  is  the  average  of  the  recorded  precipitation  at  Barron,  Duluth,  Cirantsburg,  Hayward,  Oaceola, 
and  St.  Paul. 

b  Low  water  due  to  t»'  '-tion  of  a  lum^>ering  dam  a  few  miles  above. 
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nonihly  discharge  of  St,  Croix  River  at  St.  Croix  Falls,  Wis,,  for  1902, 1903,  and 
idO^— Continued. 


Date. 


1904. 


Discharge. 


Maxi-    I 
mum.    I 


Mini- 
mum. 

1- 


Mean. 


Sec.-feet. '  Sec-feet 


2,840 
2,480 
4,510 
18,300 
13,370 
17,920 
5.850 
3,460 
5,040 
18.700 
8,780 
2,970 


18,7Q0 


2.200  I 
2.000  I 
2,290  I 
5,560  I 
5,250  I 
4,850  I 
950  I 
840  I 
1.940  I 
1,240 
2,800 
1,690 

840 


Sec.-feet. 
2,600 
2,238 
2,832 

10,748 
8,176 
8,868 
3.145 
2.334 
3.544  I 

10.560 
4,843 
2,441 

5.194  I 


Ran-ofl. 


Per 
square 
mile. 


Sec.-feet. 

.43 

.37 

.47 

1.79 

1.36 

1.48 

.52 

.39 

..59 

1.76 

.80 

.40 

10.36 


Depth. 


Rainfall. 


Inches. 
.48 
.42 
.53 
2.01 
1.53 
1.66 
.58 
.44 
.66 
1.98 
.90 
.45 


11.65 


Inches. 

.64 

1.18 

1.19 

1.65 

3.78 

5.58 

4.64 

3.84 

5.76 

5.47 

.06 

.99 


34.77 


WATER  POWERS. 

FALL. 

wor  48  miles  of  its  course  the  St.  Croix  River  has  its  bed  in  the  Cambrian  sand- 
LK>wer  Magnesian*'  limestone,  principally  the  former,  which  it  has  succeeded  in 
wn  nearly  to  base  level,  giving  steamboat  navigation  from  Taylors  Falls,  Minn., 
)pi  River.  Its  descent  in  this  distance  of  48  miles  is  only  20  feet  at  low  stages, 
f  which  is  found  in  the  upper  half  bet weeii  fiHillwater  and  Taylors  Falls.  At  Still- 
miles  above  the  mouth  of  the  river,  the  sandstone  bluffs  rise  steeply  on  either  side 
of  1.50  to  200  feet,  and  the  river  rapidly  narrows.  The  bluffs  coi^inue,  generally 
on  one  side,  between  Taylors  Falls  and  Stillwater.  In  the  24  miles  below  Still- 
iver  averages  about  half  a  mile  in  width,  with  a  maximum  of  7,000  feet  at  the 
jf  the  river  known  as  St.  Croix  Lake,  below  Stillwater.     For  several  miles  here, 

0  reports  of  United  States  engineers,  the  river  Is  almost  without  gradient. 

ion  of  the  St.  Croix  alx)ve  Taylors  Falls  al>ounds  in  undeveloped  powers.  Except 
adwaters  of  St.  Croix,  Totogatic,  and  Namekagon  rivers  and  a  small  area  served 

1  line  of  the  Northern  Pacific,  running  to  Grantsbui^,  this  region  is  without  rall- 
ies.   The  following  detailed  description  of  the  main  river  above  St.  Croix  rapids, 

the  Tenth  Census,  1880,  gives  the  most  tnistworthy  information  of  the  region 


mouth  of  the  Eau  Claire  to  that  of  the  Namelcagon  River  there  is  a  descent  of  100  feet,  or  4 
,  and  many  rapids  occur,  among  which  Copper  Mine  rapids  may  be  mentione<l.  Above  the 
!  Namelcagon  the  ordinary  low-water  power  under  a  head  of  10  feet  would  he  hW  horsepower, 
igon  Uiver  incn^ases  this  to  fiOO  horsepower. 

liles  from  the  mouth  of  the  Namekagon  to  the  Yellow  Kiver  the  total  fall  is  20  feet,  including 
ipids.  State  Line  rapids,  and  Bishops  rapids.  Each  of  the  first  two  is  described  as  alTord- 
>rtunitic8  for  developing  water  powers.  At  Big  Island  rapids  the  river  runs  close  to  the 
left  bank,  but  a  dam  would  need  to  extend  some  distance  across  the  flat  on  the  right, 
mouth  of  the  Yellow  River  to  the  head  of  Kettle  rapids,  a  distiince  of  21  miles,  the  average 
«t  per  mile,  there  being  no  rupids  of  spwial  importance.  It  is  very  probable  that  available 
'  sites  can  be  found  in  this  section. 
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ST.  CROIX  RAPIDS. 

The  St.  Croix  rapids  offer  fine  opportunities  for  water  power,  and  were  used  ftt  one  time,  bat  e 
river  flows  unemployed.  There  is  a  total  descent  of  55  feet  in  the  6  miles  which  may  be  include( 
the  name  of  St.  Croix  rapids.  Several  local  names  are  indefinitely  applied  at  different  points, 
foot  arc  Taylors  Falls,  about  three-quarters  of  a  mile  above  are  St.  Croix  Fidls,  then  Turtle  Fa 
Strictly  speaking,  there  are  no  falls  in  the  entire  distance,  only  a  more  rapid  decline  in  the  bed  st 
places. 

The  village  of  Taylors  Falls  is  situated  in  Minnesota,  at  the  foot  of  the  rapids,  about  50  milei 
the  mouth  of  the  river,  at  the  head  of  navigation.  St.  Croix  Falls,  a  village  of  Wisconsin,  is  a 
upon  the  slope  overlooking  the  river  from  that  side,  nearly  opposite  Taylors  Falls.  Directly  bel 
rapids  the  river  enters  the  Dalles  of  the  St.  Croix,  where  for  half  a  mile  or  more  it  passes  between  p 
cliffs  of  trap  rook  with  sharp  edges  and  bold  angles.  Just  above  the  entrance  into  the  Dalles  thi 
way  is  so  contracted  that  when  the  river  is  high  the  water  forms  a  fall  of  nearly  5  feet  before  itct 
come  the  resistance,  but  there  is  no  very  rapid  descent  there  in  low  water.  It  is  to  this  portion 
river  that  the  name  of  Taylors  Falls  is  giv<'n. 

Above  the  Dalles  the  rock  continues  in  the  bed,  and  to  a  certain  extent  in  the  banks  of  tbeifr 
the  valley  spreads  considerably.  On  the  Minnesota  side  the  bank  rises  steep  from  the  river  for! 
feet  at  the  lower  part  of  the  rapids.  Back  from  this  for  several  hundred  feet  is  a -nearly  fcrd 
swampy  in  places;  and  bounding  this  are  the  bluffs,  rising  fully  100  feet  higher.  At  the  foot 
rapids  the  plain  narrows  and  is  lost  in  the  Dalles.  On  the  Wisconsin  side,  fn  the  vicinity  of  8t 
Falls,  the  slope  is  rather  more  uniform  up  to  the  general  level  of  the  country.  At  the  eotran 
the  Dalles  the  river  is  scarcely  more  than  100  feet  wide.  At  St.  Croix  Falls,  three-quarters  of 
above  Taylors  Falls,  it  is  l>etween  200  and  .100  feet  wide,  the  average  width  of  the  river  in  th 
of  its  course. 

The  portion  of  the  rapids  known  as  St.  Croix  Falls  presents  the  most  favorable  site  for  improi 
of  the  power,  and  here  a  dam  was  once  built  and  sawmills  were  run.  The  bed  is  solid  rock,  a 
banks  rise  abruptly  from  the  river  on  both  sides.  On  the  Minnesota  side  a  large,  high  mass  of  tn 
stands  out  in  the  channel  and  forms  a  natural  abutment  for  a  dam;  on  the  Wisconsin  side  tl 
bank  rises  to  a  considerable  height  above  the  water  in  a  rib,  and  back  of  it  is  a  depressicHi  whic 
to  the  slope  upon  which  the  village  of  St.  Croix  Falls  is  situated.  The  improvement,  long sinoei 
ruin,  consisted  of  a  dam  built  across  the  river  at  the  point  described,  and  a  race  blasted  throe 
rock  in  the  line  of  the  depression  on  the  Wisconsin  side  and  then  carried  down  the  slope  along  tl 
front,  giving  a  head  of  25  or  30  feet.  The  dam  was  a  very  extensive  structure,  raising  the  wtt 
height  of  25  feet  when  in  good  condition.  It  was  300  feet  long,  24  feet  wide  at  the  top,  and  only 
wide  at  the  base.  .  .  .  The  same  natural  facilities  exist  for  developing  the  water  power asfoi 
.  .  .  If  the  dam  were  built  so  as  to  give  ft  head  of  al>out  40  feet,  which  is  practicable,  a  rioeoc 
carried  down  the  plain  on  the  Mini  csota  tide  for  a  long  distance  as  readily  as  on  the  WisoHiiin 
The  pond  would  probably  back  tt.e  water  4  or  5  mil(>8,  and  would  not  overflow  much  land.  Wi 
ordinary  low  floy  the  power  under  a  head  of  30  feet  is  7,81 1  theoretical  horsepower,  and  under  tl 
40  feet,  10,415  theoretical  liorsepower.  With  the  yearly  average  flow  it  is  17,266  theoretical  how 
under  u  head  of  30  feet,  and  2:{,021  theoretical  horsepower  under  40  feet.  There  is  about  5  feet  d 
the  river  from  the  site  of  the  dam  to  Taylors  Falls.  Here  is  an  excellent  site  for  the  constrocU) 
dam,  which  would  scarcely  be  more  than  100  feet  long,  but  the  vertical  cliffs  come  close  totberiv 
below,  leaving  only  room  for  a  small  steamboat  landing,  without  space  to  erect  extensive  manofoc 

KETTl.E   RIVER   RAPIDS. 

The  Kettle  River  rapids  are.  next  to  the  St.  Croix  rapids,  the  most  prominent  on  the  river. 
start  2i  miles  above  the  mouth  of  the  Kettle  River,  which  enters  from  the  west,  and  end  1)  milei 
it.  In  this  length  of  4  nill(>s  the  totui  fall  is  40  feet,  of  whieh  34  feet  is  above  the  mouth  of  Uk 
River.  Two  islands  from  1  mile  to  2  mileH  long  divide  the  river  into  two  channels.  The  bed 
river  is  solid  rock  and  it  is  practical  to  l>uild  several  dams.  Above  the  mouth  of  the  Kettle! 
head  of  10  f»vt  wouM  afford  1,2N0  th<*on'tical  horwpower.  with  the  ordinary  low-water  flow,  am 
the  entrance,  ofthe  Kettle  River  1.737  theoretical  horsepower,  under  the  same  conditions  of  flow, 
ing  t<»  the  estimates  previously  given. 

Above  the  mouth  of  the  Snake  River,  which  entiTs  4i  miles  l>elow  the  Kettle  River,  there  it 
of  fall  from  the  foot  of  the  rapids.  Bet  w(H»n  Snake  River  and  St.  Croix  rapids  are  the  following 
The  Otter  Slide,  just  Ih'Iow  the  mouth  of  the  Snake,  the  ordinary  low-water  power  of  which, 
head  of  10  feet,  is  2.140  theon'tical  horsepower;  the  Horse  Rac<\  1  mile  below;  the  Baltimore  r 
mile  Ix'low  the  mouth  of  the  Wood  River,  the  ordinary  low-water  power  of  whichj  under  a  he 
fe<'t.  is  2,220  theon*tical  horsepower;  the  I'piX'r  Big  Rock  rapids,  about  1  mile  below  them, 
Vellow  Pine  rapids,  about  3  miles  above  the  mouth  of  the  Sunrisi*  River.  The  amount  of  fall 
of  thesi^  rapids  can  not  l»e  determined  from  the  data  at  hand.  The  total  fall  from  the  mouth  < 
River  to  St.  Croix  rapids  is  111  feet  and  the  average  slope  ls2.G4  feet  per  mile.  This  must  furmsl 
tunities  to  develop  power  with  what  will  Ixj  a  reasonable  exp«*nse  at  some  time  in  the  future. 
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TRIBUTARIES  OF  ST.  CROIX  RIVER. 

LENGTH  AND  DRAINAGE. 


eDgth  and  drainage  area  of  the  principal  tributaries  of  St.  Croix  River,  including 
itering  from  the  western  (Minnesota)  side,  are  shown  in  the  following  table: 

Principal  tributaries  of  St.  Croix  River. 


River. 


Drainage 
area. 


re 

gon 

klinnesota) 
f  inneaota) . 


YELLOW   RIVER. 

w  River  rises  in  a  large  lake  called  Mud  Lake,  at  an  elevation  of  1,085  feet, a  and 
sinuous  course  of  50  miles  joins  the  St.  Croix  at  a  point  only  half  this  distance 
e  source  and  at  an  elevation  of  888  feet.  This  gives  a  descent  of  197  feet,  an  aver- 
oearly  4  feet  per  mile.  This  high  gradient  results  in  rapids  at  frequent  intervals 
tout  it«  entire  course.  The  slope  in  the  upper  third  of  its  length  is  about  120  feet. 
>rings  and  creeks  are  numerous.  The  river  is  known  to  have  a  remarkably  cou- 
rage, the  natural  rise  and  fall  during  the  year  varying  only  from  IJ  to  3^  feet. 
;t  may  be  attributed  to  the  springs  and  to  the  regulating  effect  of  the  large  lakes, 
ly  Yellow  Lake,  through  which  it  flows.  "Its  valley  is  generally  narrow,  being 
K)  to  800  feet  in  width,  although  in  some  places  it  widens  into  tamarack  marshes 
iderable  extent.  The  first  banks  have  a  general  elevation  of  15  feet  above  low 
running  back  into  high,  broken  ridges,  covered  with  white  Norway  and  jack  pine, 
tone  and  few  bowlders  are  found  until  reaching  the  rapids  below  Yellow  Lake, 
,re  almost  continuous  to  the  mouth  of  the  stream. "o 

the  mouth  of  the  river  the  banks  are  high.  A  dam  could  be  built  in  sec.  27,  T. 
d.  16,  which  would  develop  a  head  of  25  feet  or  more  and  still  not  back  the  water 
le  Yellow  Lake  dam.  This  power  could  be  combined  in  the  same  plant  with  that 
id  by  Loon  Creek,  which  enters  Yellow  River  near  the  proposed  dam.  Loon 
said  to  descend  50  to  75  feet  in  a  distance  of  1}  miles,  and  Ls  ttierefore  of  considerable 
jice.  A  dam  could  also  be  located  in  Yellow  River  about  a  mile  above  Yellow 
rhich  would  develop  a  head  of  20  feet  by  overflowing  some  good  meadow  lands 
I  Y'ellow  and  Devils  lakes. 

a  Rept.  Chief  Eng.  U.  8.  Army,  1880. 
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The  following  profile  of  Yellow  River  suggests  the  possibility  of  developing  other  powa 
on  this  river  because  of  its  high  gradient  in  ranges  14  and  13: 

Profile  of  Yellow  River  from  its  mouth  to  Mud  Lake  dam, a 


No. 


Station. 


Distanco.  |   „,  Deswnt  bt- 

_  .1    Eleva-      twwnpoiDH 

)  I      lion      I 

Between  i    above    !  '   r^ 

scsa  Jevel.  |  Tot*].  I  ^ 


From 
mouth. 


points. 


Milet.        MiUt. 


Mouth  of  river 

Yellow  Lake  dam 

SW.  J  sec.  2,  T.  39  N.,  R.  16  W ; 

Rico  Lake  dam  (SW.  J  aec.  16,  T.  39,  N..  R.  U  W)  J 

SE.  J  sec.  25,  T.  39  N.,  R.  14  W j 

Sec.  31  (near  north  J  stake),  T.  39  N..  R.  13  W. . .  J 

SW.  i  aec.  32,  T.  39  N.,  R.  13  W 

Harts  (SE.  i  sec.  5,  T.  38  N.,  R.  13) 

Sec.  36  (near  north-south  J  line),  T.  39  N.,  R.  i 

13  W ; 

Spooncr \ 

Mud  Lake  dam  (above) ' 


7.0  I 
15.0  i 
34.0 
39.5  ! 

41.5  ! 

42.5  I 

I 
47.5  ! 
49.0  I 

52.0  ! 

I 


7.0  I 

aoi 

19.0  , 
5.5  I 
1.0  I 

1.0; 

1.0  i 

5.0  i 

..5  I 
3.0  > 


Feet.     I 

888.0  I. 

928.0 

938.4  ' 

969.4  \ 

994.4  ; 

1,004.8  < 

1,011.6  ' 

1,019.0  ! 


Feet.  I  TnL 


4aol 
lai' 

31.0  I 
2&ol 

ia4' 

.1 


: 


L) 
Li 

If 

Itl 


&4I      M 


1,046.8  27.8 1 
1,058.0  11.2 1 
l,0S5i0        27.01 


a  Authority:  Nos.  1-9  and  11,  U.  S.  engineers;  10,  Chicago,  St.  Paul,  Minneapolis  and  Omaha  Rvy< 
Important  logging  dams  are  described  by  United  States  engineens  as  follows: 
Logging  dams  on  Yellow  River. 


Name. 


Loi'ation. 


Head.        Capacity. 


I 


Mud  Lake  dam ;  Sec.  27.  T.  3i»  N..  K.  12  W.. 

Hector  dam '  Sec.  10,  T.  38  N.,  R.  13  W... 

Rico  Lake  dam '  Sec.  20.  T.  39  N.,  R.  14  \V.. 


Feet. 
7.5 
7.5 
10.0 


Cubic  feet. 
475,000,000 


Yellow  Lake  dam Sec.  7.  T.  40  N.,  R.  10  W....!      18.0 

i  i  1 


700,000,000 
1,400,000,000 


Remarks. 


Small  capacity- 
Head    could   be  to- 
creased  to  15  fc*^ 
Raises  water  in  Yd- 
low  Lake  3  feet 


EAU   CLAIRE   RIVER. 


Eau  Claire  River  lius  its  source  in  lakes  of  the  same  name  at  an  elevation  of  1,122 fe^^  | 
al>ove  soa  level.  These,  lakt^s  are  surrounded  by  high  banks,  so  that  at  small  expense  •  1 
dam  could  Ije  constructed  at  their  outlet  and  made  to  store  surplus  wat-ers,  thus  «<ldiO» 
greatly  to  ail  water  power  on  the  river.  In  its  short  length  of  25  miles  this  river  dcscei'*'' 
118  feet,  including  stneral  rapi<ls,  46  feet  of  this  descent  lx»ing  concentrated  in  the  fi^ 
6  miles  Ih»1ow  Eau  CiafTt^  Lakes.     The  total  drainage  area  of  the  river  is  107  square  nul*** 

APPLE    RIVER. 

Apple  Kiver,  like  the  Willow,  occupies  a  comparatively  well-settled  valley.  It  dr*'^ 
an  area  of  427  square  miles.  The  Wisconsin  Central,  the  Chicago,  St.  Paul,  Minne«p<>»** 
and  Onmha,  and  the  Minnca|K)lis,  St.  Paul  and  Sault  Ste.  Marie  railways  are  distant  I  * 
5  miles  from  the  river,  the  last-named  road  crossing  it  near  Amery.  The  river  has  y' 
source  in  20  or  more  lakes,  the  largest  0  miles  long  and  one-half  to  three-fourths  of  a  lH* 
wide.  These  lakes  tend  to  ecpialize  and  incn'ase  the  sununer  flow.  The  long  and  sev^^ 
winters  cause  the  niinimum  flow  during  the  months  of  January  and  February. 

Formerly  most  of  the  dams  (m  Apple  River  were  us(»d  in  connection  with  logging  ope^ 
tions,  but  the  timlMT  is  now  practically  all  cut.     Flouring  mills  have  been  maintained 


a  Ropt.  Chief  Eng.  U.  S.  Army,  1S83. 


ST.   CROIX   RIVER   SYSTEM. 


127 


ber  of  points,  and  at  others  the  power  is  used  for  electric  lighting.  There  are  several 
ts  at  the  present  time  which  look  to  large  improvements  of  some  of  these  powers, 
ver  in  the  first  and  last  thirds  of  its  course  runs  through  the  Cambrian  sandstone, 
its  middle  third  is  through  the  ''Lower  Magnesian"  limestone.  In  the  lower  third 
course  the  river  flows  over  a  rocky  bed  between  rocky  banks,  giving  ideal  conditions 
ma.  Most  of  the  larger  powers  occur  in  this  stretch,  and  some  of  these,  developed 
odevcloped,  are  described  below: 

The  first  power  on  the  river  Is  an  undeveloped  one  located  about  1)  miles  from  its 
1.     A  dam  at  this  point  would  give  a  head  of  15  feet. 

rho  second  power,  owned  by  the  St.  Croix  Power  Company,  is  located  about  2  miles 
the  mouth.  Here  a  concrete  dam  of  the  arch  type,  250  feet  long  and  47  feet  high, 
>p8  a  head  of  82  feet. 

""our  miles  from  the  mouth  is  a  gristmill  with  a  head  of  1 1  feet,  owned  by  E.  £.  Mason. 
The  next  dam,  located  in  sec.  35,  T.  31  N.,  R.  19  W.,  develops  a  head  of  18  feet. 
Another  dam,  located  in  sec.  31,  T.  31  N.,  R.  18  W.,  with  a  head  of  22  feet,  is  owned, 
the  name  of  the  Apple  River  Power  Company,  by  the  Western  Gas  and  Investment 
any  of  Chicago,  which  also  owns  No.  4,  described  above. 

V  dam  12  miles  above  the  mouth  of  Apple  River  gives  a  head  of  29  feet.  The  dis- 
e  at  this  point  is  about  80  per  cent  of  the  total  flow  measured  at  the  mouth.  This 
•  is  transmitted  electrically  to  New  Richmond,  where  it  Ls  used  by  mills  and  elevators. 
!  powers  on  Apple  River  of  less  importance  are  described  in  the  following  table: 

Minor  water  powers  on  Apple  River. 


Location. 


Owner  and  use. 


mouth : 

miles 11.  h.  Bixby,  flour .^. 

I  miles '  M.C.  Duggles  &  Jcwclt. 


\  miles  (Star  Prairie) . . 

t  miles 

,T.  12.  N,  R.  13  W.... 
alf  mile  above  last  site. 


iLake. 


11.  L.  Bixby 

J.  G.  Schxiyder,  flour 

Wijigcr  &  Winger 

J.  Stucky,  gristmill 

Northern  Supply  Co.,  ele- 
vators. 

Bla^p 


Head. 

Feft. 
11 
8 


Remarks. 


Developed, 
rndovcloped. 

Do. 
Developed. 

Do. 

Do. 

One-half  total  dis- 
charge devel- 
oped. 

Developed;  can  be 
made  18  feet. 


^re  are  many  other  powers  alx>ve  Hlakes  Lake,  with  heads  of  from  6  to  20  feet,  mostly 
gging  dams  in  poor  condition.  \Mien  the  region  becomes  more  settled  some  of  these 
ij  will  be  improved. 

J  following  data  on  the  discharge  of  Apple  River  for  the  year  1903  are  furnished  by 
Pearson,  superintendent  of  the  St.  Croix  Power  Company,  Somerset,  Wis.  The 
utations  are  based  on  the  capacity  of  turbines  located  at  a  point  2  miles  from  the 
h  of  Apple  River.    The  average  daily  discharge  for  each  month  is  as  follows: 

Estimated  daily  dinchanje  of  Apple  River  near  Somenftt,  Wis.,  for  1903. 


Month. 


Dis- 
charge. 


Sec-feel. 

tfy '  258 

»ry I  239 

h '  600 

I !  656 


Month. 


Dis- 
charge. 


I  Sec. -feet. 

May '  800 

Jun*' 408 

July 4ir2 

August 380 


M<>"^»»-  I  chaise. 

'  Sec. -feet. 

Soptcmlier OHO 

Oct(>»)«T GGO 

Novrml»cr '  3ei2 

lKsxnu\>»jT i  "a.^ 
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WILLOW    RIVER. 

Willow  River,  one  of  the  smaller  tributaries  of  the  St.  Croix,  has  a  hi^  gradient,  due  to 
the  fact  that  lis  bed  lies  in  the  "Lower  Magnesian'*  limestone  for  its  entire  length.  It 
drains  an  area  of  only  246  square  miles  and  has  a  length  of  about  35  miles.  In  the  lower 
two-thirds  of  this  distance,  between  Hudson  and  Jewett  Mills,  it  descends  213  feet,  giviiig 
many  opportunities  for  wat<?r  power.  Many  of  these  powers  are  improved,  as  the  riv« 
traverses  a  fairly  rich  and  well-settled  country  and  is  paralleled  for  a  considerable  distance 
either  by  the  Wisconsin  Central  or  the  Chicago,  St.  Paul,  Minneapolis  and  Omaha  Railmy. 
The  powers  are  here  briefly  described  in  order,  beginning  at  the  mouth : 

1.  A  timber  dam  at  Hudson  100  feet  long  gives  a  head  of  16  feet,  and  with  improved 
machinery  would  develop  1 17  horsepower  at  ordinary  low  water.  A  part  of  this  power  is 
used  occasionally  for  electric  light  when  the  power  described  as  No.  3  is  short  of  water. 

2.  Two  miles  from  the  mouth  of  Willow  River  a  dam  formerly  developed  a  ^foot  head 
and  was  used  for  driving  a  flouring  mill.    At  present  this  dam  is  washed  out. 

3.  Tlie  130-foot  dam  of  the  Willow  River  Electric  Light  and  Power  plant,  3}  miles  from, 
the  mouth  of  the  river,  gives  a  head  of  22  feet,  sufiicient  to  develop  200  theoretical  horse- 
power at  ordinary  low-water  flow.  The  power  is  used  to  generate  electricity  for  lighting 
the  city  of  Hudson,  Wis.,  and  for  pumping  its  wat«r  supply. 

4.  A  timber  dam  100  feet  long,  5}  miles  from  the  mouth  of  Willow  River,  gives  a  head 
of  24  feet,  sufficient  to  develop  about  125  horsepower.  This  power  is  used  for  a  flouring 
mill.  About  1,200  feet  below  this  dam  there  is  a  fall  of  about  47  feet,  and  at  this  point 
a  new  dam  could  be  erected,  which  could  be  made  to  include  the  24-foot  dam  above,  giving 
a  total  head  of  71  feet.  Such  a  dam  would  need  to  be  about  26  feet  high  and  about  70  or 
80  feet  long.  By  carrying  the  water  a  short  distance  below  in  a  penstock,  a  total  head 
of  105  feet  could  be  secured,  sufiicient  to  develop  about  600  horsepower  at  ordinary  flow 
of  water.  This  site,  being  where  the  river  bed  changes  from  the  "Lower  Magnesian" 
limestone  to  the  Cambrian  sandstone,  afl^ords  ideal  conditions  for  a  dam.  The  town  of 
Burkhardt,  on  the  Chicago,  St.  Paul,  Minneapolis  and  Omaha  Railway,  is  located  about  j 
a  mile  distant.  I 

5.  Seven  miles  from  the  mouth  of  Willow  River  a  100-foot  timber  dam  gives  a  head  of 
16  feet.    This  power  is  used  to  run  dynamos. 

6.  Rapids  wcur  8J  miles  from  the  mouth  of  Willow  River.  A  dam  125  feet  long  at  this 
point,  located  at  comparatively  small  expense  in  a  narrow  Hmestone  gorge,  could  be  made 
to  develop  a  head  of  22  feet. 

7.  At  a  point  al>out  11  miles  from  the  mouth  of  Willow  River  the  Boardman  flouring 
mills  were  formerly  located.  The  80-f(K)t  timber  dam  at  this  point  was  washed  out  soffle 
time  ago,  but  the  mill  still  standi^.  If  the  dam  were  replaced,  a  head  of  16  feet  or  m(^ 
could  Ix'  easily  developed.  All  the  above  powers  on  Willow  River  arc  owned  by  C.  Burk- 
hardt, wh(j  bus  the  right  of  flowage  wherever  needed  along  this  stretch  of  11  miles,  giving 
an  aggregate  descent  of  nearly  200  feet. 

8.  The  next  power  on  Willow  River  is  located  at  New  Richmond.  A  timber  dam  ^ 
feet  long,  owned  by  the  New  Richmond  roller  mills,  develops  a  head  of  18  feet. 

9.  The  lust  dam  on  this  stream  Is  located  at  Jewett,  5  miles  east  of  New  RichmoO^* 
Power  afforded  by  a  lO-foot  head  is  owned  by  P.  Newell  cSc  Hennesey  and  used  in  a  fe^ 
mill  and  sawmill.     Above  this  point  Willow  River  is  too  small  for  water-power  use. 

('Iw\M    KIVEIl. 

Clam  River  drains  an  area  of  116  s(|uare  miles.  It  is  formed  by  two  branches — Nori^*^ 
Fork  and  South  Fork-  -which  unite  near  the  center  of  the  drainage  area  just  above  Qa^^ 
Lake.  The  river  descends  alK)ut  350  feet  in  a  total  l(»ngth  of  50  miles,  and,  as  much  <^ 
this  high  gradient  is  concentrated  at  rapids,  several  good  opportunities  are  offered  fc^^ 
development.  The  river  flows  through  a  comparatively  thinly  settled  region,  which  m^ 
yet  has  no  railroads.    Several  railroads,  however,  cross  the  margins  of  the  drainage.     Tb-^ 
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following  statements  regarding  its  principal  water  powers  are  based  on  information  given 
the  w^riter  by  Edward  L.  Peet,  editor  of  the  Journal,  Grantsbuig,  Burnett  County. 

A  large,  unimproved  water  power  exists  in  T.  40  N.,  near  the  line  between  Rs.  17  and  18 
W.  At  this  point  the  banks  of  Clam  River  are  80  to  150  feet  high,  and  the  land  which 
would  be  flooded  is  low  and  of  little  value.  Above  the  proposed  dam  the  valley  bottom 
will  average  half  a  mile  wide,  with  a  few  expansions  to  IJ  miles.  The  bed  of  the  river  is 
clay  and  bowlders,  mixed  with  sand.  Plenty  of  timber  for  the  construction  of  a  dam  grows 
in  the  swamps  close  at  hand.  Bowlders  arc  also  abundant  at  the  dam  site.  The  levels 
taken  on  a  recent  survey  show  that  this  power  could  be  improved  in  the  following  ways: 
A  dam  6  rods  long  at  the  range  line  would  give  a  head  of  20  feet.  A  dam  10  rods  long 
built  farther  downstream  would  produce  a  head  of  35  feet.  By  adding  a  6-foot  embankment 
for  a  distance  of  20  rods  this  head  could  be  increased  to  28  feet :  or  a  dam  60  rods  long 
could  be  built  across  the  valley  with  an  average  height  of  40  feet  and  a  maximum  height 
of  85  feet.  If  the  water  were  conducted  by  canal  a  distance  of  about  a  mile  to  the  low- 
lands adjacent  to  St.  Croix  River,  turbines  could  be  installed  with  a  head  of  100  feet.  This 
dam  site  is  distant  only  3  miles  from  other  large,  undeveloped  powers  on  St.  Croix  and  Yel- 
low rivers,  with  which  it  could  be  easily  and  cheaply  connected  by  electric  transmission. 

About  half  a  mile  below  Clam  Lake  there  is  now  a  logging  dam  with  a  head  of  about  20  feet 
which  raises  the  water  in  the  lake  3  or  4  feet.  This  dam  impounds  the  water  from  a  drain- 
age area  of  283  square  miles.  United  States  engineers  reported  that  a  dam  would  need  to 
be  560  feef  long  at  this  point  to  produce  a  head  of  25  feet.  Such  a  dam  would  have  a 
capacity  of  4,670,786,000  cubic  feet,a  and  if  properly  regulated  could  be  made  to  greatly 
increase  the  amount  and  value  of  the  powers  below.  The  engineers  found  that  the  bed 
of  the  river  consisted  of  sand  from  3  to  20  feet,  at  which  depths  soundings  indicated  hard 
materials,  supposed  to  be  clay  and  gravel. 

Another  laige  water  power  is  found  at  Clam  Falls,  in  sec.  13,  T.  37  N.,  R.  16  W.,  where 
the  river  falls  over  a  wide  ledge  of  the  "  Keweenawan ''  rocks.  A  dam  at  this  point  impounds 
the  drainage  from  an  area  of  45  square  miles  and  develops  a  head  of  34  feet.  Between 
Clam  Falls  and  -Clam  Lake  the  slope  is  small  and  the  river  valley  half  a  mile  to  1 }  miles 
wide.  The  river  profile  is  shown  in  the  following  table,  compiled  from  surveys  made  by 
United  States  engineers: 

Profile  of  Clam  River  from  its  mouth  to  Clam  FaRs. 


Station. 


Distance. 


From 
mouth. 


Between  I 
points.   I 


Eleva- 
tion 
above 
sea  level.    Total. 


Descent  \  e- 
tween  points. 


Mouth  of  river 

St.  Croix,  road  crossing 

nam  Lake,  mouth 

Sec. 35,  T.  38  N.,  R.  18  W.,  south  line. 
CUmFaUs 


Milei^.    I     Miles. 


»>.0 
19.0 
29.0 
32.  .5 


ti.O 
13.0 
10.0 

3..-) 


Feit. 

8fi8 
881 
947 
9fi7 


I 


Per 
mile. 


Feet.       Fcft. 


13 

m 

20  I 


2.2 
5.1 
2.0 


NAMEKAGON   AND  TOTCKJATIC   RIVERS. 


Namekagon  River  rises  in  a  large  lake  of  the  same  name  near  the  divide  in  the  water- 
sheds of  Chippewa  and  Bad  rivers.  Its  drainage  area  is  second  in  extent  of  all  the  St. 
Croix  tributaries.  Namekagon  Lake  is  formed  by  six  or  more  coimected  lakes,  occupying 
pwtg  of  14  sections  and  surrounded  by  extensive  cedar  and  tamarack  marshes.  In  the 
upper  60  miles  of  its  course  the  river  is  generally  narrow  and  swift,  stretches  of  rapids  over 
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pre-Cambrian  crystalline  rock  being  frequent. a  There  are  also  several  vertical  UUs  of 
2  to  4  feet,  which,  together  with  the  rapids,  fumLsh  good  opportunities  for  water  pow^re. 
The  banks  are  high  on  either  side,  stretching  away  into  high,  broken  ridges  and  sandbamrDs 
covered  with  timber.  In  the  remaining  25  miles  of  its  length  the  river  is  from  100  to  200 
feet  wide.  In  this  reach  it  descends  130  feet,  including  several  sharp  pitches  and  rapids, 
th  ?  principal  of  which  are  Little  and  Big  Bull  rapids  and  Dupee  flats.  The  average  slope 
of  the  river  is  5.3  feet  per  mile. 

A  good  location  for  a  dam  is  found  4  miles  above  the  mouth  of  the  river,  where  the  higb 
gravel  banks  approach  within  600  feet.  A  head  of  20  feet  or  more  could  be  obtained  herp 
without  overflowing  much  land,  impounding  the  drainage  from  1,000  square  miles.  With 
the  ordinary*  low-water  flow  estimat<»d  at  one-third  of  a  second-foot  per  square  mili',  this 
would  produce  740  theoretical  horsepower.  Because  of  the  storage  efl^ect  of  the  prpseot 
dams  above  this  point,  the  river  at  this  she  might  l)e  made  to  produce  nearly  1,000  hone- 
power.  Another  good  location  for  a  dam  is  found  at  Veazie,  on  the  Chicago,  St.  Paul, 
Minneapolis  and  Omaha  Railway,  By  overflowing  6.000  acres,  mostly  railroad  tod 
Government  land,  a  head  of  30  fwt  could  be  obtained,  according  to  United  States  engi- 
neers. A  dam  of  15  feet  head  would  cause  little  overflow.  Such  a  dam  would  have  the 
run-ofl"  from  al>out  800  square  miles  and  at  ordinary  low  water  would  produce  275  theo- 
retical horse|)ower.  Small  dams  ar(>  located  at  Stinnett  and  at  the  outlet  of  Lake  Nam^ 
kagon.  A  dam  owned  by  the  Hay  ward  Electric  Light  and  Power  Company,  located  near 
Ilayward,  develops  200  horsepower  and  is  used  for  light  and  power  purposes  fti  that  city. 

Additional  information  regarding  undeveloped  powers  is  given  in  the  following  profile: 

Projiie  of  Namekagon  River  from  its  mouth  to  Cable ^  Wis.  a 


Ko. 


Station. 


Mouth  of  river 

Sec.  33,  T.  43  N..  K.  14  \V.,east  side 

Totogatic  River,  raouth 

McKinzie  Crw^k,  mcmth.  sec.  2H.  T.  42  N.,  K.  13  W  . 
Stuntz  Brook,  mouth,  sec.  27.  T.  42  N..  R.  13  AV. . 

K.K.  Jsec.  34.  T.  41  N..  R.  13  W 

NW.  J  sec.  ('.. T.  40  .v..  R.  12  W 

Se<'.  l.<i.  T.  40  X..  R.  12  W..  near  center 

Sec.  39,  T.  40  N.,  R.  12  W..  near  center 

SW.  J  sec.  27.  T.  40  X.,  R.  12  W 

Veazie.  sec.  3().  T.  40  X..  R.  12  W 

River  Jordan. mouth,  sec.  21^T.  40  X.>  R.  11  W... 
Spring  Brook,  mouth. sec.  1.*..  T.  40  N.,  R.  11  W  .. 
C'hipi)enacia  Creek. raouth. sec.  :i3.T.  40  X.,R.  10  W 

Stinnett 

Lit  tie  I'uckanance 

Cable.  Bayfield  County 


Distance. 


From    !  Between 
mouth.  I  points. 


Elera- 
tion 


Deaoent  be- 
tween points. 


above    |  |    iw 

sea  level. ,  Total. ,  ^^ 


MiUs. 


Miles. 


4.0 
.'i.O 
13.0 
1.x  0 
Ki.O 
10.  .'i 
21.5 
24.0 
25. 5 
28.5 
3.^..  5 
37.0 
4:j.0 
4.V  0 
.'.•».  0 
70.0 


4.0 
1.0 

8.0  \ 
2.0  I 
1.0  I 
3.5  I 
2.0 
2.5 
1.5 
3.0 
7.0  I 
1.5  I 


6.0 
12.0 
14.0 
II. 0 


I 

a  .\uthority:  Nos.  1-14,  and  Hi.  r.  S.  enginoers;  l.j  and  1^ 
Railway. 
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±90&0 

917.8 

918.0 

944.0 

952.0 

958.0 

990.0 

1.004.5 

1.024.2 

1.025.2 

1,039.0 
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1.068.0 

1,115.0 

1.138.0 

1,218.0 

1.303.0 


Feet.      Feet. 


9.8 

.2 

26.0 

8.0  , 

6.0 
32.0 
14.5 
19.7  I 

1.0 
13.8 
19.0 
10.0 
47.0 
21.0 
82.0 
85.0 


H 

.2 
U 
4.0 
&0 
9i0 
72 

:.« 

.7 
i« 
27 
6,« 
7.8 
10.5 


,  Chicag<\  St.  Paul,  Minneapolis  and  Om*^* 


In   its  length  of   55  miles,  Totogatic  River,  the  principal  tributary  of  the  Namekag<^*^' 
descends  350  feet.     It  enters  tlie  main  .stream  only  5  miles  above  its  mouth.     The  Tep^^ 
is  high  and  precipitous,  with  frecjuent  ledges  of  pre-Cambrian  cr}*stalline  rock  and  ho*^ 
ders.     A.S  a  resuh,  the  stream  forms  fur  miles  a  series  of  rapids  witli  many  vertical  falls  ^ 
10  feet  or  more.     Many  logging  dams  already  exist,  the  most  important  being  locat^^ 


oSimar,  V.  B.,  Asst.  U.  S.  Engineer:  Rept.  Chief  Eng.  V  S.  Army.  1.S80,  p.  1616. 
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s  follows:  Sec.  13,  T.  42  X.,  R.  10  W.;  sec.  6,  T.  42  N.,  R.  10  W.;  and  sec.  12,  T.  43  N., 
.  10  W.  A  good  site  for  a  dam  is  near  the  outlet  of  Gilmore  Lake,  in  sec.  9,  T.  42  N.,  R. 
J  W.;  and  another  in  sec.  12,  T.  42  N.,  R.  12  W.  The  following  profile  of  Totogatic 
iver  is  compiled  from  surveys  made  by  United  States  engineers: 

FrofiU  €f  Totogatic  River  from  its  mouth  to  NE.  {  sec.  15,  T.  J^  N.,  R.  9  W, 
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outh  .of  river 

c.  13.  T.  42  N.,  R.  13  W.,  dam  . 
E.  i  sec.  10,  T.  42  N.,  R.  12  \V  . 
E-  i  sec.  3,  T.  42  X..  R.  10  W .  . 
E.  J  sec.  13,  T.  42  N.,  R.  10  W  . 
E.  i  aec.  15,  T.  42  N.,  R.  9  \V  . . 
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;o.( 


5.0 
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24.4 
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MINOR   STREAMS. 

Osceola  CreeJc. — Emptpng  into  St.  Croix  River  a  few  miles  south  of  Willow  River  is  a 
nail  stream  kno^ii  as  Osceola  Creek.  In  the  city  of  Osceola,  near  its  mouth,  is  a  water 
ower  with  a  head  of  90  feet,  owned  by  the  Osceola  Mill  and  Elevator  Company.  This 
am  furnishes  the  power  to  run  a  mill  with  a  capacity  of  175  barrels  per  day.  One-fourth 
f  a  mile  alcove  is  another  dam  with  a  head  of  26  feet. 

Kinnilcinnic  River. — A  small  river  emptying  into  St.  Croix  River  only  5  miles  above  its 
louth  bears  this  name.  Its  gradient  is  so  high  that  there  are  a  number  of  good  sites  for 
rater  powers.  The  descent  in  10  miles  is  190  feet.  The  following  is  a  tabulated  statement 
f  its  water  power: 

Water  pourrs  on  Kinnilcinnic  Riwr.  a 


<4o.' 


lO 


11  , 

12  I 


Location. 


O.vncrand  use. 


\  Head. 


I 
2  miles  from  mouth...    N.  Kohl, flouring  mill 

5  miles  from  mouth.. 

7  miles  from  mouth 

River  Falls:  I 

3  miles  below 

1  mile  below '  City  waterworks 

River  Falls I do 

do I  Ceo.  Fortune. mill  and  elevator 

do Prairie  mill  and  elevator 

7  miles  above  River  ;  Clapp's  mill 

Falls.  ' 

South  Branch,  sec.  1,  |  W.  H.  Putnam,  feed  and  flour.. 

T.  27  N..  R.  19  W. 

1  mile  above  No.  10. . .    (Jlass  Brc)8..  manufacturers  . 

Balsom  Lake . . 


Fret 
10 


Esti- 
mated 
horse- 
power. 


Remarks. 


70     Timlwr  dam. 

. . . '  Good  dam  location. 


14  ' 

15 

39, 

8 
14 


CO  i  Timber dam,9 by  120. 
140  I  Timber  dnm. 
40     Timrx»rdHm.4by210. 
CO     Timljer  dam,  12  bv  ISO. 

I 


10   '  Pam  out 


.!  J,  W.Park,  lumber  and  flour 180 


M)  I  Timl)er  dam,  2ti  by  114. 

I 


a  Figures  are  low-water  estimat«*s.    Nos.  1  and  5-12  develope«i ;  2-4,  undeveloptnl. 
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LAKE  SUPERIOR  DRAINAGE  SYSTEM. 
TOPOGU^\J*IIY. 

The  watershed  which  limits  the  area  of  Lake  Superior  drainage  in  Wisconsin  varies  in 
elevation  (above  the  level  of  Lake  Superior)  from  600  feet  near  the  Minnesota  line  to  over 
1,000  feet  near  the  Michigan  line.  Its  average  distance  from  Lake  Superior  is  only  30 
miles.  For  this  reason  the  rivers  are  comparatively  small;  but  owing  to  the  fact  th»t 
their  high  gradient,  600  to  1,000  feet,  is  largely  concentrated  at  a  few  points,  they  offer 
many  opportunities  for  water-power  development.  From  a  point  near  the  center  of  the 
watershed  a  Mride  and  nearly  flat  table-land,  of  which  Bayfield  Peninsula  and  the  Apostle 
Islands  form  the  northern  prolongation,  separates  the  drainage  into  eastiern  and  western 
sections  of  nearly  equal  area.  In  both  of  these  sections  three  distinct  belts  of  topograpbr 
are  usually  distinguished.  The  southernmost  belt  consists  of  a  plateau  in  lai^  part  covered 
wi.h  swain[Xi  and  lakes  and  is  so  flat  that  in  many  cases  the  water  from  the  same  swamps 
and  lakes  may  flow  either  north  to  Lake  Superior  or  south  to  the  Mississippi. 

From  this  flat  watershed  the  descent  northward  is  gradual  until  a  range  of  mountains 
from  600  to  900  feet  above  the  level  of  Lake  Superior  is  reached.  The  northern  slope  of 
these  mountains  is  much  steeper  than  their  southern  slope,  forming  a  marked  though  not 
continuous  escarpment. 

In  the  western  section  tliese  mountains,  known  as  Douglas  Copper  Range,  reach  a  height 
of  400  to  600  feet  above  the  lake  and  have  a  width  of  1  to  4  miles.  They  extend  in  an  east- 
northeast  direction,  gradually  merging  into  the  Bayfield  moraine.  From  the  crest  of  the 
mountains  there  is  a  sudden  descent  of  300  to  400  feet,  caused  by  a  faulting  of  the  rocks. 
The  Lake  Superior  rivers  break  through  the  ridges  at  this  point,  and  here  the  greates^^ 
opportunities  for  water-power  development  are  to  be  found. 

In  the  eastern  section  the  mountains,  called  the  Penokee  Iron  ftange,  extend  from  * 
point  on  the  Michigan  lx)undary,  12  mijes  from  Lake  Superior,  in  a  southwesterly  direction 
for  about  35  miles,  gradually  merging  into  the  plateau.  As  in  the  western  section,  maOj 
falls  and  rapids  0(cur  in  breaking  through  the  hard  "Huronian"  rocks  of  which  the  raii^ 
Is  composed.  Smaller  falls  continue  for  a  distance  of  5  to  6  miles  after  crossing  the  Penok^* 
Range,  or  until  the  Copper  Range  has  been  crossed. 

To  the  north  of  the  highlands  and  extending  with  a  gradual  slope  northward  to  the  shor*^ 
of  Ijake  Superior  lies  a  plain  with  a  width  of  5  to  1.5  miles.  Its  northern  portion  reaches  3^ 
elevation  of  100  to  200  feet  above  Lake  Superior  or  700  to  800  feet  above  the  sea.  TH* 
entire  belt  is  underlain  by  till  and  deep  layers  of  red  clays  sometimes  mixed  with  sand.  Tl^^ 
rivers,  both  large  and  small,  have  cut  deep  and  narrow  banks  in  the  clay  soil.  As  a  resiiJ* 
the  surface  Is  carved  in  every  direction  by  narrow  water  courses  whose  steep  sides  have  * 
height  of  25  to  100  feet,  making  railroad  and  highway  construction  expensive.  Very  fe*^" 
swamps  are  found  in  this  lowland  area.  Because  of  the  gradual  slope  of  the  shallow  rivers 
opportunities  fi>r  water-power  developnuMit  in  this  Ijelt  are  rare.  In  many  crises,  however, 
then;  arc  impwrtant  falls  at  the  immediate  mouths  of  the  rivers  and  over  the  red  sandston^- 

AVATKll  POAVEK8. 

CIIARACTEIl. 

Owing  to  the  fact  that  the  rivers  of  the  Lake  Superior  system  in  Wisconsin  have  atot»* 
fall  of  400  to  1,000  feet  in  the  narrow  Ix'lt  of  30  miles  separating  the  plateau  region  ixi 
which  they  rise  from  Lake  SupiTior,  their  currents  are  characteristically  rapid.  As  a  result 
the  rainfall  is  cjuickly  discharged,  the  streams  alternating  between  small  creeks  and  torrc»' 
tial  rivers.  While  the  storage  of  surplus  waters  Is  important  everywhere  in  the  State  fo^ 
the  economical  development  of  water  power,  it  is  here  doubly  so.  The  fact  that  the  mofl* 
important  falls  and  rapids  are  in  the  upper  half  of  the  drainage  area  increases  the  diflScultJ 
of  storing  a  large  proportion  of  the  rainfall.  With  a  storage  of  le*vs  than  5  to  15  percent 
of  the  rainfall  most  of  the  rivers  would  furnish  at  low  water  an  insignificant  flow. 
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Rainfall  data  regarding  this  drainage  area  are  scanty,  but  sufficient  to  show  that  the  rain- 
11  increases  from  the  lake  to  the  highlands.  This  fact  is  strikingly  shown  by  the  prccipi- 
tion  i;iap  published  by  the  United  States  Weather  Bureau  and  shown  in  fig.  1  (p.  16).  It 
here  seen  that  the  rainfall  increases  southward  at  the  average  rate  of  about  5  inches  every 
»  miles,  the  maximum  not  being  reached  until  after  the  highlands  are  passed.  This  fact 
Ls  an  important  bearing  on  the  value  of  the  water  powers,  because,  as  already  stated,  it 
^cessitates  the  location  of  reservoirs  to  a  large  extent  in  this  region  of  greatciit  rainfall. 
he  most  important  wat«r  powers  occur  near  the  Copper  ranges  and  the  Penokee  Iron 
ange,  where  future  mining  operations  may  render  them  of  much  economic  importance. 

ST.  LOUIS    RIVER. 

Although  the  water  powers  of  St.  LouLs  River  lie  outside  the  State,  they  are  located  so 
fc»ar  the  Wisconsin  boundary  that  development  contemplates  their  extensive  use  in  Supe- 
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Fio.  5.— Plan  of  canal  of  Oival  Xorthern  Power  Company.  St.  Louis  Rivvr. 

riorand  other  Wiscoilsin  cities.  An  iinpfjrtant  feature  of  St.  Louis  River  is  the  conron^ni- 
lion  of  its  descent  in  the  lower  reaches,  where  its  volume  U  greatest.  This  provides  oppor- 
tunities for  water  power  which  if  distributed  among  its  smaller  tributaries  would  ho  in  large 
Pwt  wasted.  The  upper  portions  of  St.  Louis  River  are  sluggish,  flowing  through  many 
lakes  and  swamps,  but  as  the  waters  near  the  lake  their  speed  is  increa.scd  until  at  a  point 
about  22  miles  from  Lake  Superior,  just  alwve  Fond  du  Lac,  there  is  a  scries  of  falls  and 
f*pids extending  6  miles  upstream  from  a  point  2  miles  from  the  Wisconsin  boundary.  In 
tbis  distance  of  6  miles  the  river  descends  456  feet  in  a  series  of  wild  leaps  over  the  upturned 
^P<lges  of  slate  rock,  forming  a  water  power  which  has  few  superiors  in  the  West.  This 
Po'fer  and  the  riparian  rights  are  owned  by  the  Great  XorlUcTtv  Vo^-^t  Covk^^xvn.    ^\. 
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F.  A.  Cokefair,  chief  engineer  of  the  company,  furnishes  the  following  statement  under  date 
of  January  23,  1904: 

One  steel  gravity  dam  36  feet  high  and  620  feet  long  has  already  been  constructed  near  the  viUa|eo( 
Thompson.  This  dam  conserves  the  water  in  a  reservior  of  about  1  square  mile  of  area,  from  whidi 
the  water  is  led  through  a  canal  2^  miles  long,  62  feet  wide,  and  15  feet  deep.  (Fig:  5.)  From  the  ter- 
minus of  the  canal  the  water  is  taken  by  iron  pipes  for  a  distance  of  about  a  mile  and  delivered  undrrk 
head  of  3(i5  feet  at  the  power  house  midway  between  Thompson  and  Fond  du  Lac.  The  capacity  of 
this  canal  is  sufficient  to  develop  100,000  horsepower.  Final  plans  and  designs  are  now  completed,  and 
work  on  the  first  station  for  the  ultimate  development  of  100.000  horsepower  will  begin  in  the  earlT 
spring.  Bids  have  been  asked  from  leading  manufacturers  for  the  first  three  wheels  of  12,500  hone- 
power  capacity  each,  the  largest  units  ever  yet  built  and  similar  to  those  in  use  at  Niagara  Falls.  Tnin»- 
mission  lines  will  carry  the  power  to  the  neighboring  cities  of  Duluth  and  Superior,  and  even  farther 
to  the  Me.Kabi  and  other  iron  ranges,  where  it  will  augment  or  displace  steam  i)ower. 

NEMADJI    AND   BLACK    RIVERS,  a 

Unlike  other  rivers  of  the  Lake  Superior  watershed,  Nemadji  River  flows  northeast 
instead  of  north  and  does  not  rise  in  an  elevated  region.  As  a  result  it  is  devoid  of  imp(x^ 
tant  rapids  or  falls  suitable  for  water  power. 

Black  River,  the  most  important  tributary  of  the  Nemadji,  rises  in  an  elevated  country, 
its  source  being  in  a  lake  on  the  Minnesota  boundary.  It  flows  north  and  empties  into 
Nemadji  River  about  10  miles  from  Lake  Superior  at  an  elevation  of  only  20  feet  above  the 
lake.  In  the  upper  two-thirds  of  its  length  Black  River  flows  through  many  tamarack  ukI 
cedar  swamps,  which  give  to  its  waters  a  distinct  color  and  taste.  Up  to  about  4  miles 
from  the  Douglas  Copper  Range  it  occupies  a  wide  valley  with  small  descent.  As  this 
range  is  approached  the  valley  narrows  and  its  gradient  increases.  In  the  SE.  J  sec.  28,  T. 
47  N.,  R.  14  W.  the  hard  layers  of  the  ''Keweenawan"  rocks  cross  the  river,  producihgi 
vertical  fall  of  31  feet  A  total  head  of  160  feet  b  could  easily  bo  obtained  here  for  a  dim 
site.  A»  Black  River  has  a  drainage  area  of  80  square  miles  above  these  falls,  an  assumed 
run-off  of  0.4  second-foot  per  square  mile  gives  560  theoretical  horsepower.  A  company 
wa.s  formed  some  time  ago  to  improve  this  power,  and  a  franchise  was  secured  from  the  citj 
of  Superior  for  lighting  by  electricity,  but  no  construction  has  yet  been  done.  The  water 
at  the  head  of  the  upper  rapids  is  387  feet  above  Lake  Superior;  at  their  foot,  50  yards 
l)eyond,  the  elovat  ion  Is  227  feet.  From  this  point  the  river  passes  for  nearly  a  mile  through 
a  gorge  100  to  170  feet  deep,  l)elow  which  the  walls  of  the  gorge  are  less  elevated  above  the 
stream,  but  the  current  is  verj'  rapid  until  it  joins  Nemadji  River  4  miles  below.  From  the 
foot  of  Black  River  Falls  to  the  junction  with  the  Nemadji  the  total  descent  is  200  feet,  id 
average  of  50  feet  to  the  mile. 

BOIS    BRULE   RIVER. 

Though  over  33  miles  long.  Bois  Brule  River  has  a  drainage  area  of  only  200  square 
miles,  practically  all  of  which  is  in  the  highland  district.     It  rises  in  a  swamp,  near  St- 
Croix  Lake,  at  an  elevation  of  420  feet  above  the  level  of  Lake  Superior.     In  sec.  15,  T 
46  N..  R.  10  W..  at  the  Dalles.  Bois  Brule  River  is  only  25  feet  wide,  with  banks  of  clay  an<i 
bowlders  averaging  8  feet  in  hei^^ht.     Near  this  point  there  are  swift  rap  ds,  with  a  tot** 
descent  of  about  15  feet  in  2(K)  yards.     Similar  rapids  about  3  miles  farther  north,  neartl*^ 
township  line,  continue  as  far  as  the  mouth  of  Xebagemain  River,  the  most  importal^^ 
tributary  of  the  Bois  Brule,  in  sec.  27,  T.  47  X.,  R.  10  W.     For  the  next  10  or  12  mil^-=^ 
the  current  is  very  sluj^gish  until  the  head  of  the  lower  rapids  is  reached,  in  sec.  26,  T.  4^ 
N.,  R.  10  W.     From  this  point  to  within  U  miles  of  Lake  Sui)crior  rapids  and  small  fal*^ 
(the  lartjest  being  4  or  5  feet  in  height)  occur  almost  continuously.     These  descend  »-^ 
aggregate  of  200  feet  over  "  Keweenawan  '  eruptives  and  sandstones.     By  const  met  ii»#5 
dams  at  the  outlets  of  Lakes  Xebagemain  and  Minnesung  the  surplus  water  could  be  bel^^ 


a  The  authority  for  most  of  the  statements  conc^^rning  the  Lake  Superior  rivers  is  Prof.  R.  C^ 

•ving:  CieoU)gv  of  Wisi-onsin.  vol.  :i,  Ihsn. 

6  Sweet.  E.T.".Gool.  Wisconsin,  vol.3, 1>«S0, p. 319. 
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ack  and  used  at  times  of  low  water,  thus  adding  greatly  to  the  value  of  the  water  powers 
Q  the  river.  At  present  there  are  no  dams.  Mr.  Howard  Thomas,  city  engineer  of  Supe- 
or,  Wis.,  states  that  the  normal  discharge  of  this  river  is  100  second-feet,  and  that  at  sev- 
-al  points  heads  of  40  feet  could  he  obtained  by  dams  between  bluffs  or  with  dams  and 
nines  along  the  banks.  Such  a  head  would  give  450  theoretical  horsepower.  Because  of 
a  comparatively  small  watershed  and  the  fact  that  the  river  is  fed  very  largely  by  springs 
is  not  subject  to  freshets. 

MONTREAL  AND  OOOOSHUNGUN   RIVERS. 

For  nearly  its  entire  length  Montreal  River  forms  a  part  of  the  Michigan-Wisconsin  bound- 
y.  It  rises  in  a  tangle  of  lakes  and  tamarack  swamps  near  the  boundary  line  at  an  ele- 
ition  of  about  1,600  feet  above  sea  level,  or  1,000  feet  above  Lake  Superior.  Its  length 
50  miles,  the  highest  gradient  being  concentrated  in  the  last  quarter  of  this  distance. 
[lis  exception  to  the  general  rule  of  the  Lake  Superior  drainage  area  is  duo  to  the  fact 
lat  here  the  Penokee  Iron  Range  and  its  associated  highlands  of  the  **Keweenawan  "  series 
>proach  Lake  Superior  within  a  distance  of  only  3  miles,  leaving  no  lowland  region. 
About  1,300  feet  from  its  mouth,  on  the  north  line  of  sec.  7,  T.  47  N.,  R.  1  E.,  is  a  verti- 
il  fall  of  35  feet  over  sandstone.  It  is  stated  by  an  officer  of  the  Duluth,  South  Shore 
id  Atlantic  Railway  that  a  head  of  55  feet  could  be  developed  here  by  constructing  a 
ime  100  feet  long.  Because  of  the  lakes  and  swamps  at  the  headwaters  of  this  river  it  is 
tely  that  at  least  5  per  cent  of  the  annual  rainfall  could  be  stored  in  reservoirs.  This 
ould  give,  from  its  280  square  miles  of  drainage  area,  an  ordinary  flow  of  140  second-feet, 
[uivalent,  with  a  head  of  55  feet,  to  868  theoretical  horsepower.     In  the  last  five-eighths 

a  mile  of  its  course  Montreal  River  descends  90  feet.  The  railway  official  mentioned 
x>ve  also  states  that  another  power  site  is  located  in  the  NW.  }  SW.  }  sec.  21,T.  47  N., 
.IE.,  at  falls  of  60  feet  over  the  crystalline  rocks.  As  the  banks  are  high,  a  20-foot 
aun,  ^vith  a  flume  250  feet  long,  would  develop  a  head  of  80  feet.  Both  of  the  above  pow- 
"s  are  within  4  miles  of  the  Duluth,  South  Shore  and  Atlantic  Railway.  At  Ironwood, 
bout  2  miles  above  these  falls,  the  river  has  an  elevation  of  880  feet.  In  the  5  miles  above 
ronwood  the  river  descends  only  30  feet,  and  for  the  remainder  of  its  upper  reaches  its 
urrent  is  slow.  At  all  the  rapids  on  this  river  the  conditions  are  favorable  for  the  buiid- 
ag  of  dams. 

The  Gogoshungun,  a  branch  of  the  Montreal,  is  nearly  as  large  as  the  upper  Montreal, 
jeing  about  30  miles  long.  Its  total  descent  is  500  feet.  Until  the  river  reaches  the  Peno- 
tee  Range  its  current  is  sluggish,  l)eing  bordered  by  swamps.  In  its  passage  through  the 
mountains,  in  sec.  27,  T.  46  X.,  R.  2  E.,  a  number  of  rapids  and  falls  occur. 

BAD   RIVER. 
MAI.V  RIVER. 

The  sources  of  Bad  River  lie  in  large  swamps  8  miles  south  of  the  Penokee  Iron  Range, 
'tan  elevation  of  900  feet  above  the  level  of  Lake  Superior.  In  this  distance  of  8  miles  its 
'®^ent  is  110  feet,  but  its  course  is  sinuous,  as  may  he  inferred  from  the  fact  that  the  VVis- 
^nsin  Central  Railway  is  forced  to  cross  it  eight  times.  About  IJ  miles  above  Mcllen  arc 
'pids  called  Copper  Falls,  which  have  a  total  descent  of  about  60  feet.  (PI.  V,  B.)  The 
^^r  at  this  point  has  a  drainage  area  of  about  144  square  mile^s.  According  to  a  survey, 
f^i"  cent  of  the  annual  rainfall  could  l>e  easily  stored  in  dams  near  the  headwaters,  which 
^•Jld  provide  an  ordinary  flow  of  68  second-feet,  equivalent  to  460  theoretical  horse- 

^o^r  the  Penokee  Range  Bad  River  enters  a  gorge  of  pinkish  granite,  narrowing  in  places 
*•    ^wdth  of  10  feet  and  descending  20  feet  in  30  rods,  with  a  total  descent  of  50  feet  in 
^^--fourths  of  a  mile.     The  river  then  widens  and  continues  with  reduced  grade  until    t 
^^^tee  Gap  is  reached,  when  it  again  contracts.     Coraino;  \nVo  coxvV^icl  v;\\\\  \>[v^  *■' Vi>\\<an 
^  *  'rocks,  it  Bows  along  their  strike.     In  the  next  4  miAes  ociiur  ixi«k.tv\  t«LV>\^^  «i.^^  ^fe^^jiw 
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falls,  including  one  of  35  feet.  In  the  next  1,000  feet,  in  which  the  river  descends  40 feet, 
Tylers  Fork,  the  most  important  tributary,  is  reached.  Directly  at  the  juncticm  Tjiers 
Fork  has  a  fall  of  45  feet  over  the  wall  of  a  gorge  65  feet  deep.  This  is  in  sec.  17,  T.  45  X.. 
R.  2  W.  A  competent  engineer,  reporting  on  this  wat^r  power,  states  that  dams  could 
develop  here  a  head  of  about  120  feet.  The  tributary  drainage  area  is  given  at  234  squire 
miles.  On  the  assumption  that  the  rainfall  is  only  32  inches  and  that  reservoirs  can  bf 
made  to  store  15  per  cent  of  the  rainfall,  it  was  estimated  that  the  river  would  furnish  a 
continuous  flow  of  206  second-feet,  equivalent  to  about  3,000  theoretical  horsepower.  Il 
was  proposed  to  conduct  this  power  electrically  to  Ashland. 

In  the  next  1 ,000  feet  below  Tylers  Fork  the  river  flows  through  a  rocky  gorge  100  feet 
deep,  beyond  which  the  rocks  disappear  and  the  stream  flows  between  high  banks  of  red 
clay,  the  ground  rising  rapidly  on  lx)th  sides.  The  total  descent  in  sec.  17  is  probably  135 
feet.  In  the  next  6  miles  of  its  sinuous  course,  to  the  mouth  of  Maringouin  River,  the 
river  descends  about  3C  feet  to  the  mile.  Both  rivers  at  their  confluence  are  broad  and 
deep,  with  slow-moving,  muddy  currents  and  wide  l)ottom  lands — conditions  which  con- 
tinue to  the  mouth  of  Bad  River. 

Farther  north,  2^  miles  from  this  junction,  Bad  River  receives  the  waters  of  Potato 
River.  At  this  point  its  elevation  is  80  feet  above  the  level  of  Lake  Superior.  In  sec  25, 
T.  47  N.,  R.  3  W.,  occur  some  small  falls,  of  1  or  2  feet,  over  red  sandstone  and  shale,  which 
continue  for  perhaps  2  miles.  Below  these  falls  Bad  River  continues  sluggish,  deep,  and 
tortuous,  with  bold  and  high  clay  banks,  until  White  River  is  reached.  For  the  reniain- 
der  of  its  course  the  river  finds  its  way  to  Lake  Superior  through  swamps. 

TRIBUTARIES. 

The  principal  tributaries  of  Bad  River,  named  in  order  from  its  inouth,  are  as  follows: 
White  River  entering  from  the  w(«t;  Potato  River  from  the  east;  Maringouin  or  MosquiU) 
River  from  the  west,  and  Tylers  Fork  from  the  east. 

White  River. — This  river,  the  largest  tributary  of  Bad  River,  has  a  total  length  of  about 
45  mil(»s,  and  drains  an  area  of  400  square  miles.  It  rises  in  Long  Lake,  at  about  700  feet 
above  the  level  of  Lake  Superior.  Most  of  its  d(»scent  is  concentrated  in  its  upper  waters, 
where  its  discharge  is  least.  It  pursues  a  general  northeast<»rly  course,  with  many  wind- 
ings thrt>ugh  high  and  steep  clay  banks,  like  those  descril>ed  on  Bad  River.  Its  only 
considerable  falls  are  in  sec.  6,  T.  46  X.,  K.  4  W.,  where  the  river  was  originally  obstructed 
by  the  edges  of  southward-dipping  rocks.  A  dam  with  a  20-foot  head  has  been  maintained 
here  for  several  years,  and  until  October,  1903,  furnished  the  power  to  run  a  paper  mill- 
At  tliat  time  the  mill  burned,  and  it  has  not  been  rebuilt.  It  had  turbines  rated  at  710 
horse|)ower.  The  owner,  George  Davidson,  reports  that  he  has  a  charter  for  a  dam  wilh 
30-foot  head,  to  l)e  located  ulK)ut  1,300  feet  upstream.  The  main  dam  as  planned  would 
be  125  feet  long,  with  an  embankment  10  to  12  feet  high  and  900  feet  long.  Mr.  Daridson 
also  states  that  ulx)ut  500  feet  below  the  present  dam  there  is  a  location  for  a  dam  with 
a  9-foot  head.  At  three  dam  sites  the  bed  of  the  river  is  in  sandstone  which  extends  10 
feet  above  the  water  surface.     The  rock  is  overlain  with  red  clay. 

Marinijouin  Uxvfr. — Maringouin  River,  sometimes  also  called  Maringo  (Mosquito)  Riv^r" 
has  a  total  length  of  about  40  niilos  and  drains  an  area  of  231  square  miles.  Four  roilf^ 
from  its  source  it  crosses  the  Penokee  Range.  Here,  in  the  NW.  }  sec.  23,  T.  44  N.,  R- 
5  W.,  the  river  de'scends,  in  a  series  of  three  falls,  a  total  distance  of  65  feet  within  a  f^^ 
rods.  The  two  upper  falls,  of  lo  and  25  feet,  respectively,  are  only  50  feet  apart.  Nothing 
but  the  limited  amount  of  wat4'r  prevents  this  from  being  a  valuable  water  power.  Fo^ 
the  remainder  of  its  course  the  river  is  devoid  of  falls  or  rapids,  flowing  between  high  cl*y 
banks. 

Within  6  miles  of  its  junction  with  Bad  River,  the  Maringouin  receives  several  r»^* 
tributaries-,  the  most  important  of  which  is  Brunsweiler  Creek.     This  creek  rises  in  ^^ 
same   swamp   with   Maringouin   River,  but,  unlike   it,  has  important  falls   north  of   *- 
"iluromau"  hillb.     Until  Bladder  Lake  is  passed  ii\  sec.  U,  T.  44  X.,  R,  4  W.,  the  a*^ 
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luggish.  The  outlet  of  this  luke  is  only  6  feet  wide,  with  rock  walls  on  either  side. 
Krhich  would  greatly  raise  the  water  in  the  lake  could  be  constructed  here  at  slight 

At  the  outlet  of  the  lake  there  is  a  long  series  of  chutes  and  rapids  for  a  dis- 

over  6  miles.    In  this  stretch  the  creek  flows  through  a  nanx)w  valley  with  steep, 

ills.    The  last  important  descent  occurs  near  the  north  line  of  sec.  22,  T.  45  N., 

where  the  stream  leaves  the  Copper  Range,  the  slope  being  30  feet  in  a  distance 

»et. 

f  Fork. — ^This  tributary  is  the  only  one  which  joins  Bad  River  before  the  lowlands 
bed.    Tylers  Fork,  nevertheless,  has  a  length  of  30  miles  and  a  total  descent  of 

Until  it  reaches  the  I-enokee  Range  its  current  is  sluggish.  In  the  NE.  J  sec. 
5  N.,  R.  1  W.,  the  river  falls  20  feet  over  the  hard  "  Iluronian  "  rock.  Less  than  a 
ther  on,  in  sec.  28,  occurs  a  series  of  low  falls  over  black  slate,  the  descent  being  20 
i  distance  of  500  feet.  On  the  north  line  of  sec.  20  the  river  surface  is  760  feet 
le  level  of  Lake  Superior.  In  the  next  10  miles  of  its  course  it  descends  260  feet, 
lout  any  considerable  rapids.  On  the  west  line  of  sec.  15,  T.  45  N.,  R.  2  W.,  the 
n  of  the  water  is  485  feet.  The  current  now  becomes  swifter  and  about  a  quarter 
e  below  the  east  line  of  sec.  16  is  a  series  of  rapids  which  continues  to  its  junction 
d  River,  ending  in  the  45-foot  fall  already  described  (p.  — ).  As  these  falls  and 
re  within  a  mile  of  the  Wisconsin  Central  Railway,  they  seem  destined  to  become 
economic  importance. 
►  River. — In  its  course  of  only  30  miles,  Potato  River  has  a  total  descent  of  over 

The  river  is  small  until  it  is  joined  in  sec.  15,  T.  46  N.,  R.  1  W.,  by  Little  Potato 
From  this  confluence  a  course  nearly  due  west  for  12  miles  takes  it  to  Bad  River. 
?  east  line  of  sec.  17,  T.  46  N.,  R.  1  \V.,  at  428  feet  above  the  level  of  Lake  Superior, 
es  of  rapids  followed  by  a  series  of  cataracts.  These  rapids  begin  on  the  east  line 
N.  i  sec.  17,  T.  46  N.,  R.  1  W.,  and  are  in  the  trap  rock.  In  the  next  quarter  mile 
lescents  of  10,  4,  and  40  feet  occur,  with  swift  water  between.  A  still  larger  fall 
?t  or  more  is  located  near  the  west  line  of  sec.  17,  and  as  the  banks  are  high  and 
>us,  a  suitable  dam  would  develop  a  head  of  nearly  or  quite  100  feet.  On  both 
the  west  line  of  sec.  17,  about  2,000  feet  north  of  the  southwest  comer,  is  a  scries 
falls  ha\'ing  a  total  descent  of  80  feet  in  a  distance  of  500  feet,  with  two  leaps  of 
and  32  feet,  respectively.  The  total  fall  in  sees.  17  and  18  Ls  170  feet.  These 
ing  over  solid  rock  of  conglomerate  and  sandstone,  furnish  ideal  conditions  for 
Below  sec.  18  the  river  course  is  tortuous  and  slow. 

MINOR   RIVEK8. 

icon.  Middle,  Poplar,  and  Iron  rivers  are  small  streams  in  Douglas  County  They 
iwift  streams  with  many  small  falls,  but  are  subject  to  great  variations  of  flow, 
significant  at  low  water.  A  corporation  known  as  the  Iron  River  Water,  Light 
rer  Company  has  recently  coiL^tructed  a  dam  135  feet  long,  with  a  head  of  32  feet. 
River,  in  sec.  22,  T.  47  N.,  R.  10  W.,  the  intention  being  to  install  turbines  of  1,000 
ver,  which  will  be  transmitted  to  near-by  towns. 

RAILROADS. 

le  falls  which  occur  near  the  Penokee  Range  on  Bad  River  and  Tylers  Fork  are 
?  Wisconsin  Central  Railway.  Montreal  and  Wliite  rivers  are  crossed  by  the 
South  Shore  and  Atlantic,  the  Chicago  and  Northwestern,  and  the  Wisconsin 
railways.  The  western  half  of  the  I^ke  Superior  waterehed  has  good  transporta- 
ilities.  Branches  of  tiie  Great  Northern  Railway  cross  the  valley  of  Black  River 
ow  the  valley  of  Neinadji  River.  Besides  these  the  drainage  is  cnissed  by  the 
n  Pacific,  the  Cliicago,  St.  Paul,  Minneaixjlls  and  Omaha,  and  the  Minneapolis, 
,  and  Sault  Ste.  Marie  railways,  and  by  minor  logging  roads. 
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on,  power  development  at 116 

riculture,  development  of 14. 92-93 

>ena,  Mich.,  temperature  at 15 

lery,  power  developmen  tat 127 

I herst,  power  development  at 62 

precipitation  at 45 

I inicon  River,  description  of 137 

pie  River,  drainage  area  of 118, 125-126 

fall  at  mouth  of 119 

IK)wer  development  and  siteM  on 126-127 

nin-off  of 127 

pleton,  fall  at 22, 35 

flow  at 22 

lower  development  at 35-37 

precipitation  at 46 

>or  Creek,  ynjwer  development  at 62 

c  ansas,  p<iwer  development  at 1 16 

catisa«  Creek,  power  development  on 1 16 

?nifita.  jHjwer  development  at 116 

I  River,  tributaries  of .' 136-137 

water  powers  on 135-136 

I  Water  rapids,  water  power  at 51 

f*t.tm  Lake,  water  power  on 131 

I Imore  rapids,  water  p*>wer  at 124 

ub<K^  quartzite,  occurrence  of 63 

aboo  River,  drainage  area  of 63, 83 

nartls  rapids,  dam  site  at 84 

8  Creek,  power  development  on 116 

lie  Island,  fall  at 78 

jwwer  site  at 78-79 

r  Creek,  logging  dam  on 113 

r  Lake,  fall  at 99 

reservoir  site  at 91-92 

ills  Falls,  water  power  at 103-104 

ent,  power  development  at 117 

Falls,  fallat 107 

view  of 106 

water  power  at 106 

Lake,  elevation  of 64 

Quinnesec  Falls,  fall  at 43 

water  power  at 52 

r  Rock  rapids,  water  power  at 124 

1  Cross  rapids,  fall  at 67 

water  power  at 80 

ron  dam,  fall  at 66 

«ck  Creek,  £aU  at  mouth  of 66 
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Black  River  (Lake  Superior  drainage),  wa- 
ter power  on 134 

Black  River  (Mississippi  River  drainage). 

character  of 85 

drainage  area  of 12 

flow  of 86-89 

profile  of 85-86 

rocks  on 86 

water  powers  on 89-90 

Black  River  Falls,  fall  at 85 

I)Ower  development  at 89 

Blaisdells  Lake,  fallat 99 

Blakes  Lake,  power  development  at 127 

BobCreek,  fallat 99 

Bois  Brule  River,  drainage  of lai 

water  power  on 134-135 

Boulder  Lake,  fall  at 107 

Boycevllle,  power  development  at 117 

Bridge  Creek,  power  development  on 116 

Brokaw,  fall  at -. 66 

power  development  at 80 

Brooks,  T.  B.,  on  Little  Quiiffiesec  Falls  . . .        52 

Bruce,  fall  at 99 

Brule,  fallat 55 

Brule  River,  character  of .V) 

dams  on •, .16 

drainage  area  of 42, 50, 55 

profile  of 55 

source  of 43-44 

BrunettFalK  fallat 99 

view  of 80 

water  power  at 102-103 

Brunett  River,  dam  on 105 

Uuckataban  Lakes,  projiosed  dam  at 64 

Buflalo  I^ke,  origin  of 19 

Bull  Rapids,  location  of 130 

Burkhardt,  water  jjower  near 128 

Butte  des  Morts,  Lake,  clmmcter  of 19. 34 

Butternut  Creek,  reservoir  site  on 91-92 

Butternut  Lake,  resttrvoir  site  at 91-92 

C. 

Cable,  fallat 130 

Cambrian  sandstone,  occurrence  of 11. 

43,54,57,67,77,91,113,123 

Cameron,  fall  at 114 

Catfish  l^ke,  elevation  of 64 

Cedar  Creek,  fall  at  mouth  of C& 

Cedar  Lake  dam,  laW  aX "^V 

V2»^ 
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Cedar  rapids  (Chippewa  River),  fall  at 99  | 

water  power  at 104  i 

Cedar  rapids  (Tomahawk  River),  location  I 

of 83  ] 

Cedar  rapids  dam,  fall  at 114  | 

water  power  at 114-115  I 

Cedars  dam.  fall  at 22.33  | 

power  development  at 37-38 

Chalk  Hill  rapids,  water  power  at 53 

Chevalley  rapids,  fall  at 99 

Chicago  and  Northwestern  Railway,  access 

to  water  powers  by  .42. 51, 57-58, 105, 137 
Chicago,  Milwaukee  and  St.  Paul  Railway, 

access  to  water  powers  by 13, 

42.51,57.92,115 
Chicago,  St.  Paul.  Minneapolis  and  Omaha 
Railway,  access  to  water  low- 
ers by  90. 92, 115, 120, 128,  I'M),  137 

Chippenacia  Creek,  fall  at  mouth  of 130 

Chippewa  Falls,  fall  at 99 

power  developments  at 101, 116 

Chippewa  River,  dams  on 105 

drainage  area  of 12. 90-91 ,  98-100, 103 

fall  of 98,103 

power  sites  and  developments  on . . .  9, 98-105 

profile  of 99-100 

plate  showing 100 

rapids  on,  view  of 80 

reservoir  sites  on 13, 91-92 

rocks  on 91 

run-off  of 93-98 

timber  on 90 

topography  of 90-91 ,  98-100 

tributaries  of 91,  ia5-117 

See  also  East  Branch  Chippewa:   West 
Branch  Chippewa. 

Cincinnati  shales,  ocfurreiiee  of 21 

Clam  Falls,  water  pmvcr  at 129 

Clam  I^ke.  fall  at 129 

Clam  River,  description  of 128-129 

drainage  area  of lis,  125, 128 

fall  at 119 

iroflleof r29 

water-power  devek)pinont  at 129 

Clays,  occurrence  and  cliaracter  of 13 

Climate,  character  of 1.V19 

Cokefair,  F.  A.,  on  St.  ix)Uis  River  power 

development 134 

Colfax,  fall  at 114 

power  development  at 116 

Colton  rapids,  fall  at 99 

Combined  Locksdam,  powerdevolopment  at       3*< 

view  of 3s 

Conover,  elevation  at n2 

Copper  Falls,  fall  at l:?5 

view  of llW 

Court    Oreilles    Lake   ami    rapi<ls,   water 

power  at 104 

Court  Oreilles  River,  drainage  area  of 100, 103 

resorvoir  sites  on 91-92 

water  power  on 10-1 

Cranberry  Lake,  elevation  of (A 

Crooked  Rift  rapids,  location  of 7H 

Crystal  River,  i)ower  development  on 62 

Crystalline  rocks,  occurrence  of 10 

Cunningham  Creek,  fall  at  mouth  of r»6  \ 


D. 
Dalles  (Chippewa  River),  power  develop 

ment  at 

Dalles  (Eau  Claire  River),  dam  site  at ... 

fall  at 

Dams.    See  particular  rivers,  pUutt,  etc. 

Davis  Falls.    See  Jim  Falls, 

De  Nevue  Creek,  power  development  on. 

Deertail  Creek,  fall  at  mouth  of 

Dells  dam,  fall  at 

water  power  at 

Depere,  dam  at,  plan  of.  figure  showing . 

dam  at,  view  of 

fall  at 

power  development  at 

Dog  Lake,  elevation  of 

Dore  Flambeau  River,  character  of 

dams  on 

reservoir  sites  on 

Douglas  Copper  Range,  location  and  ch 

acterof 

Downsville,  fall  at 

power  development  at 

Drainage,  character  of 

mapsh3wing 

Duck  Creek,  power  development  on... 

Ducomon  rapids,  fall  at 

Duluth.  Minn.,  rainfall  at 

temperatures  at 

Duluth,  South  Shore  and  Atlantic  Raih 

access  to  water  powers  by.. 

Duncan  Creek,  power  development  on. 

Dunnville.  fall  at 

water  power  at 

Dupee  flats,  location  of 

Durand .  power  development  at 

E. 

^:agle  Lakes,  elevafion  of 

proposed  dam  at 

Eagle  I\)int,  r>ower  development  at... 
Eagle  Rapids,  fall  at 

water  power  at 

Eagle  liiver,  lakes  on 

EMst  Branch  of  Chippewa  River,  drai 
area  of 

])rofile  of 

reservoir  sites  on 

water  power  on 

East  I-'orks.  full  at  mouth  of 

Eau  Claire,  flow  near 

gaging  station  near 

])0\ver  development  at 

Kjiu  Claire  River  (Chippewa  River  <: 
age),  drainage  area  of 

fall  at  mouth  of 

power  development  on 

Eau  Claire  River  (St.  CrolxRiver  drain 
(les<  ription  of 

drainage  area  of 

Eau  Claire  River  (Wisconsin  River  c 
agf),  dam  sites  on 

drainuKe  area  of 

fall  at  mouth  of 

Eaii  Pleiiif  Hiver.  <lam  sites  on 

«\t»v\\\v\?o  v\xe».  ol 
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nile  Creek,  power  development  | 

on 116  I 

logging  dams  ou 113  ' 

s  power  development  at 62  | 

lat iy,4.'>-l6  I 

River,  power  development  on . .        62  I 
army,  reports  of,  on  Wisconsin 

rivers 9,15 

precipitation  at 46 

•ature  at 15 

River,  flow  of 44 

F. 

,  elevation  of 64 

er,  fall  at  mouth  of 99 

Lake,  logging  dam  on 113 

River,  character  of ia5-106 

geareaof 91,100,103,105 

IOC 

motuh  of 99 

ter  jower  at 103 

11,  view  of 106 

development  on 106 

of 106-107 

of 107-112 

(if 43-44,91 

iries  of 113 

precipitation  at 45 

(litionH,  disciuwion  of 14 

Wisconsin    Improvement  Com- 
pany, development  by 33-34 

.  drainage  of 19-20 

I  tation  on 46 

powers  on,  development  of 9 

,  Ix>wer,  character*  of 32 

m,  views  of 38 

ge  area  of 32 

22,32 

on 32,42 

32 

talus  of  water  powers  on 3;J-34 

ition  of 42 

of 22 

m 21.82 

f  of 22-32 

uphy  on 21 

I*owerson 32-41 

,  rpper,  profile  of 20  I 

IH)\ver»  on 20-21 

snsin  divide,  character  of (i3-64  i 

G. 

I 

aesitone,  occurrence  of 21 

►'.physical, of northeni Wisconsin.  10-19  ' 
1    .Sur\'ey,    U.    8.,    on  Wisconsin  i 

ri  V  era 9-10 

iccountof 10-11  ' 

Hat 67 

ake,  dam  site  at , 131 

rift,    occurrence   and    chiimcter 

of 11,21,91 

Ution,  fallat 100 

gun  River,  water  power  on ISo  . 

i  rapids,  fall  at 99  ' 

power  at 104  ' 
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Grand  Chute,  fall  at 88 

Grand  Kaukauna,  fall  at 22, 83. 38 

power  development  at 3^-40 

Grand  rapids,  fall  at 4 1 

Grand  Rapids,  fall  at 66 

power  development  at 77-78 

Grand  River,  power  development  on 21 

Grandfather  rapids,  fall  at 67 

view  of 80 

water  power  at »1 

Grandmother  rapids,  fall  at 67 

water  power  at 81 

Great  Northern  Power  Co.,  power  develop- 
ment of,  figure  showing 138 

Great  Northern  Railway,  access  to  water 

power  by 137 

Green  Bay,  elevation  at 22 

precipitation  at 46 

Green  Bay  and  Mississippi  Canal  Co., devel- 
opment by 33 

water  power  owntnl  by 33. 36-40 

(ireen  Bay  and  Wes  em  Railroad,  access  to 

water  i>ower  by 90 

Green  Bay  Valley,  topography  of 21 

Greenleaf,  J.  L.,  on  Menominee  River 42 

Gresham,  power  development  at 62 

Grindstone  rapids,  power  development  at. .  56 

H. 

Halcyon,  fallat ; 85 

water  i>ower  at 89 

Halfbreed  rapl<is,  location  of 83 

Halls  Creek,  fall  at  mouth  of 86 

Harts,  fall  at 126 

Hat  rapids^all  at 67 

water  power 82 

Hatfield,  fallat 85 

water  i)ower  at 89 

Hatton.  power  development  at 21 

Hay  River,  dam  on 116 

fallat 114 

Hector,  logging  dam  at 126 

Hemlock  dam,  fall  near H6 

power  development  at 90 

High  Falls,  water  power  at 56 

Holcombe  rapids,  fall  at 99 

I)Ower  development  at 103 

Homestead  bridpe,  flow  at 46 

Horse    Race    rapids    i  Menominee   River). 

water  iK»wer  at 52 

Horse  Race  rapids  (St.  Croix  River),  water 

power  at 124 

Hudson,  water  power  near 128 

Hunters  Ljike,  fall  at 99 

Huronian  rocks,  occurrence  of 10. 135-137 

Hydrography,  account  of 12-13 

Sec  (lUo  Drainage. 

I. 

Igneous  nxrks,  occurrence  of 10 

Iron  mines,  location  of 43, 51 

Iron  Mountain,  Mich.,  fall  at 43 

flow  at 46-50 

water  power  near 52 

Iron  River  (Menominee  River  drainage), 

drainaKe  axevx  vA ^ 

Uowol ^^ 
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Iron  River  (Lake  Superior  drainage),  power 

development  on 136 

Ironwood,  fall  at 136 

Irving.fall  at 114 

water  power  at 114 

Island  I-rfike,  elevation  of 64 

fall  at 107 

J. 

Jewctt,  water  power  at 12*^ 

Jim  Falls,  fall  at 99 

power  development  at 101-102 

figure  showing 102 

Jordan,  power  development  at 117 

Jordan  River,  fall  at  mouth  of 130 

Jump  River,  damson 116 

drainage  area  of 103, 1 15 

water  j>oweron 115-116 

K. 

Kaukauna.    See  Grand   Kaukauna:  Little 
Kaukauna. 

KeawaJM)gon  Lake,  elevation  of 64 

Kettle  River,  drainage  area  of lis.  125 

Kettle  River  rapids,  fall  at 119 

water  power  on 124 

Kevi-eenawan  rocks,  oeeurrence  of.  10, 129,  l:i4-135 

Kickapoo  River,  drainage  area  of 83 

pf)wer  development  on 83 

Killxjurn,  fall  at 66 

IK)Wcr  development  at 77 

Kinnikinnic  River,  dewri^ition  of 131 

fall  at  mouth  of 119 

water  power  on 131 

Knowlton  bridge,  fall  at 6(.; 

Koepeniek,  precipitation  at 45 

L. 

Lii  Crosse,  fall  at 85 

temperature  at 15 

Ladysraith,  fall  at 106-107 

flow  near 108-1 12 

gaging  station  near 93, 107 

Lake  Superior  drainage,  description  of 132 

dminage  to 12 

rainfall  of !.'« 

tor>ogruphy  of 132 

water  iK)\vers  of 132-137 

Lake  Vieux  Desert,  dam  at 64 

fallat 07 

hx'ation  of 63 

reservoir  >iite  at (VS 

Lake**,  <,M-f'nrrenc'e  of 12-13,117-118 

Laurenlian  KK'ks.  occurrence  of 10 

Lawrence,  power  development  at 21 

Lemon  weir  River,  draina)t:e  ana  of C*:],  Ki 

I>o\ver  development  on Ki 

Lindore  dam,  fall  at 67 

Little  ('edar  River,  drainage  area  of M 

Little  Chief  I^ike,  fall  at W 

reservoir  site  at 91-92 

Little  Chief  River,  dam  on 105 

Little  ICau  Pleine  River,  drainaKe  area  of. .        63 

J,ittle  Falls,  fall  at 107 

water  power  at 106 

Little  Kaukatina.  fall  at 22, 33 

power  development  at 40 

figure  showing 41 

legal  troubles  of :«,  40 


Little  Puekanance,  fall  at l» 

Little  Quinnesec  Falls,  fallat Q 

flow  at 44-e 

power  development  at S2 

Little  rapld8,  dam  site  at >1 

Little  River,  power  development  on 21 

Little  Wolf  River,  power  development  on .  & 

Llttlechute,  dam  at,  view  of » 

fallat 22.ffl.J8 

power  development  at 38 

Llttlewolf,  power  development  at Q 

Loams,  occurrence  and  character  of U 

Logging,  cessation  of 12 

Long  Lake,  elevation  of M 

Lower  Fox  River.    See.  Fox  River.  Lower. 

Lower  Magnesian  limestone,  occurrence  of.  Il 
21,43,51,57.123,128 

Lowes  Creek,  dam  on 116 

Loweth  &  Wolf,  gaging  by L» 

Lucas,  dam  at 11' 

Lumbering  Industrj',  extent  of M 

M.  ' 

McKlnzie  Creek,  fall  at  mouth  of 1* 

Manchester,  power  development  at 21 

Manltoulsh  River,  fall  on liT 

logging  dams  on HI 

reservoir  site  on 91-32 

Mann,  L.M.,  flow  measurements  by 22 

Manowa,  power  development  at ^ 

Manser's,  dam  site  at M 

Marblehead.  power  development  at 21 

Marinette  rapids,  power  development  at...  54-^ 
Maringo  River.    See  Maringouln  River. 

Maringouln  River,  description  of 136 

water  iM>weroi5 186-187 

Markesan,  power  development  at 21 

Marquette,  temperature  at 15 

Mecan  River,  character  of 3) 

water  i)ower8on 21 

Medicine  Lake,  elevation  of 64 

Melrose,  flow  at S 

Menasha,  fallat 22 

power  development  at l>4-35 

precipitation  at * 

Menomonie dam  (Red  C«dar  River),  fallat.    lU 

water  i>owerat 114-11? 

Menominee  River,  character  of 51 

dams  on ^ 

dminage  area  of 42, 50-.il 

fallof tf 

origin  of 42 

power  development  on 51-»l 

preeii>itation  on 44-» 

pnitileof 42-4S 

r^K^ks  on 43-44 

ru n -off  of 44^'» 

tributaries  of S-"^ 

Merrill,  fall  at <» 

flow  at 73-'* 

power  de veloimient  at * 

Michigamme  River,  drainage  area  of ^^^ 

source  and  character  of ^ 

Middle  River.  descrii»tion  of ^^ 

Milwaukee,  rainfall  at ^* 

rainfall  al,  chart  showing ^* 

Minneapolis,  St.  Paul  and  Sault  Ste.  Marie 
Railway,  access  to  water  powers 
by 51,105,115,126,1^ 
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ke,  water  power  at 134 

er  development  at 20 

r,  character  of 20 

era  on 20-21 

r,  water  power  on 135 

illat 100 

ite  at 91-92 

allatmouthof 119 

lion  and  character  of 11.21 

It 66 

It 79 

IKiwer  development  at 62 

)x  River),  origin  of 19 

isM.'onsin  River),  elevation  of       64 

How  River),  dam  at 126 

1*26 

N. 

i ver,  dt'soription  of 129-130 

rea  of llh,  125 

> 104 

llh  of 119 

«ke,  water  jKiwer  at 134-135 

iver,  rapids  at  mouth  of 134 

It 06 

6H-73 

on  of '. 34 

•lopment  at 34 

ienaxha  Water  Power  Com- 

ly.  organization  of 33 

I>ower  development  on 21 

V  at 87-89 

erat 90 

t 66 

i;lopment  at 77 

",  (iliaracter  of 134 

xi  dam,  fall  at 86 

f>recipitation  at 45 

d,  water  iKjwer  at 128 

one,  occurrence  of 21 

fall  at 67 

■  Fluml)eau  River,  reservoir 

;on 91-92 

fie  Railroad,  access  to  water 

vera  by 12ii,  137 

vat 61 

.  fallat 43 

id*i,  fall  at 53 

(). 

itation  at 45 

x»wer  dt'veloi»ment  at bH 

character  of 57 

on  on 4V46 

era  on 57-5M 

*on,  on  Menouiint'e  lii v*'r  ...  42 

,  fall  at 114 

er  at 114 

,  power  developiiKMUs  on 117 

mouth  of,  fall  at 8<; 

119 

j*'ater  power  on 131 

)wer  developinoMt  on 117 

ill  at 67 

L'lopment  ut 82 

ite  at i>'> 
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Otter  Slide  rapids,  water  power  at 124 

Oxford,  power  development  at 21 

P. 

Paint  Creek,  reservoir  site  on 91-92 

Paint  Creek  rapids,  water  power  at 101 

Paint  River,  drainage  area  of 50 

Pakwawang  Lake,  fall  at 100 

reservoir  aite  at 91-92 

Paleozoic  rocks,  occurrence  and  character 

of 10-11 

Pardeeville,  water  iwwer  at 20 

Park  Falls,  fall  at 107 

power  development  at 106 

Partridge  Crop  Lake,  fall  at 100 

l*eat.  occurrence  of 14 

Peet,  E.  L.,  on  Clam  River 129 

Pelican  Lake,  dam  proposed  at 65 

elevation  of 64 

fallat 100 

Pelican  River,  dam  sites  oi» 83-84 

drainage  area  of 63, 83 

lakes  on 64 

Pemelxm won  River,  drainage  area  of 51 

Pemena  dam  and  rapids,  fall  at 43 

lK)wer  site  and  dam  at 53 

Penokee  Iron  Rangv^  location  and  charac- 
ter of 132 

Peshtlgo  River,  character  of 56 

power  sites  and  dams  on 56-57 

precipitation  on 45 

profile  of 57 

Phlox,  power  development  at 62 

Pike  River,  damscm 56 

drainage  area  of 51 
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JNOERGROUND  WATER  IN  THE  VALLEYS  OF  UTAH 
LAKE  AND  JORDAN  RIVER.  UTAH. 


By  G.  B.  KiniARDHON. 


INTRODUCTION. 

The  valleys  of  Utah  Lake  and  Jordan  Kivrr  arc  situatod  in  north-central  Utah,  in  the 
fxtn'oir  eastern  part  of  the  Great  Basm.  Tlio  lofty  Wasat<*h  Range  (PI.  I),  the  westem- 
iiost  of  the  Rocky  Mountain  system,  limits  the  valleys  on  the  cast,  and  relatively  low 
•9sin  ranges — the  Oquirrh,  Lake,  and  East  Tintic  mountains — determine  them  on  the 
rest.  The  valleys  trend  north  and  south,  and  are  almost  separaUnl  hy  the  low  east-west 
rVaverse  Range,  the  slopes  of  which  constitute  a  dam  for  Utah  I^ake,  which  drains  through 
ordan  River  to  Great  Salt  Lake. 

The  area  under  consideration  is  the  most  populous  and  flourishing  part  of  the  State. 
«lt  Lake  City  and  Frovo,  the  firat  and  third  (*iti(>s  in  the  Stat^*,  and  many  other  thriving 
cttlements  are  there  located.  At  Bingham  Junction  and  Murray  a  number  of  smelters 
reat  the  ows  from  neai^by  mines,  but  agriculture  is  the  main  industry.  Water  for  irriga- 
ion  is  supplied  by  mountain  stn>ams,  and  intensive  farming  is  successfully  pursued, 
""he  prac-tice  of  ikrigation  was  begun  by  tlu>  Mormon  pionei^rs  in  1H47,  and  has  been  dis-. 
ussed  in  several  publications;  Uttle  attention,  however,  has  been  given  to  the  under- 
riDund  water  resources,  and,  so  far  as  the  writer  is  aware,  they  have  not  bc^fore  been 
♦scribed.  The  present  paper  outlines  condition.s  of  o<'currence  of  the  subterranean 
haters  and  describes  their  development  in  the  valleys  of  Utah  Lake  and  Jordan  River. 

TOPOGRAPHY  AND  DRAINAGE. 

The  drainage  area  of  Utah  Lake  and  Jordan  Kivcr  is  approximately  3,300  square  miles, 
f  wliich  2,600  are  tributary  to  Utah  Lake  and  700  to  ihv  Jordan  north  of  the  Traverse 
fountains  (PI.  II).  About  2,000  square  miles  of  the  watershed  an*  in  the  Wasat<'h 
fountains,  while  the  valleys  themselves  rover  a  little  less  than  1,000  scjuare  miles.  Utah 
•ake  Valley  is  about  38  miles  long,  avc^rages  15  miles  in  width,  and  occupies  about  /)60 
quare  miles,  including  Utah  Lake.  Jordan  Valley  Ls  approximately  28  miles  long,  15 
ailes  wide,  and  comprises  420  square  miles.  These  valicvs  in  late  geologic  time  w»re 
cM^upied  by  Lake  Bonneville,  the  Pleist<K*('ne  predec<'ssor  of  Great  Salt  Lake,  and  to 
bat  fact  is  due  their  characteristic  topography.  Almost  flat  unconsolidated  lake  sedi- 
lents  underlie  the  broad  valleys,  the  l)orders  of  which  arc  marked  hy  a  unique  series 
f  terraces  that  characterize  the  shon^  lines  of  the  old  lake  Descriptive  details  of  these 
matures  will  be  given  in  the  sections  dcvot<'d  to  geology  and  to  the  occurn^nce  of  under- 
round  water. 

The  range  in  elevation  is  considerable.  The  present  level  of  Clreat  Salt  Lake  is  approxi- 
lately  4,210  feet  above  the  sea,  and  that  of  Utah  I-.ake  is  al)out  1,480  fwt.  From  these 
iwest  elevations  the  two  valleys  rise  to  their  outer  l)orders,  which  may  conveniently  l)e 
aken  as  the  hii^iest  level  occupied  by  Lake  Bonneville,  at  aj)proximately  the  5,200-foot 
ontour,  above  which  the  Wasatch  Kange  towers  up  to  12,000  feet.  Tlie  mountains  on 
be  west  are  nanow  north-south  rang(\s  that  rise  abniptly  Uouv  V>tqqA  n«}\<5>3^.   'XV^ 


6  UNDERGROUND    WATER    IN    VALLEYS   OF    UTAH. 

Oquirrh  Mountains,  west  of  Jordan  River,  are  30  miles  long,  5  to  10  miles  wide,  and  their 
summits  rise  to  elevations  of  about  10,000  feet.  The  Lake  Mountains,  west  of  Uuh 
Lake,  are  about  15  miles  long,  5  miles  wide,  and  3,000  feet  above  the  lake.  They  arr 
connected  by  low  hills  with  the  Oquirrh  Mountains  on  the  north  and  with  the  East  Tindc 
Mountains  on  the  south.  The  Elast  Tintic  Mountains  border  Utah  Lake  Valley  on  the 
southwest,  rising  above  it  about  3,000  feet.  A  spur  from  these  mountains  extends  north- 
eastward, cx)nstituting  the  southern  border  of  Utah  Lake  Valley,  and  almost  unites  with 
the  Wasatch  Range.  The  steep  western  face  of  the  Wasatch  Mountains  rises  about  7,000 
feet  abruptly  above  the  broad  valley  and  constitutes  the  dominant  topographic  feature 
of  the  region.  To  the  east  the  range  slopes  away  gradually  in  a  series  of  broad  ridges 
and  narrow  valleys  to  the  mountainous  plateau  region.  The  western  scarp  is  deeply 
dissected  by  canyons,  through  which  the  entire  Wasatch  drainage  flows  to  Great  Salt 
Lake,  the  chief  streams  being  Bear,  Weber,  and  Jordan  rivers. 

Utah  Lake  is  a  body  of  shallow  water  about  21  miles  long  and  7  miles  wide  (PI.  HI,  A), 
covering  a  maximum  area  of  93,000  acres.  Its  depth  over  much  of  its  extent  is  only  8 
feet  or  less,  and  the  maximum  depth  in  the  main  body  of  the  lake  is  about  13  feet.  Id 
its  northwestern  part,  however,  recent  soundings  have  revealed  the  presence  of  sereial 
deep  holes,  due  to  springs  (p.  49).  The  shore  line  of  the  lake  is  subject  to  considerable 
variation,  owing  to  the  changing  relations  of  evaporation,  precipitation,  and  inflow,  and 
the  margins  are  characteristically  swampy.  Two  large,  shallow  bays  extend  eastward 
and  southward  from  the  main  body  of  the  lake,  one  south  of  Provo  and  the  othn*  north 
of  Goshen.  West  of  the  lake  the  Pelican  Ilills  approach  close  to  the  shore,  and  the  region 
is  barren,  but  on  the  north,  east,  and  south  the  land  rises  gently  toward  the  base  of  the 
mountains  and  is  dotted  with  flourishing  settlements  which  are  supported  by  iirigidon. 

The  principal  streams  tributary  to  Utah  Lake,  beginning  at  the  north  and  proceeding 
southward,  are:  Dry,  American  Fork,  Battle,  and  Grove  creeks,  Prove  Rirer,  HobUe 
Creek,  Spanish  Fork,  and  Peteeneet,  Santaquin,  and  Currant  creeks.  Of  these,  Ptoto 
River  is  the  largest,  being  approximately  70  miles  long  and  having  a  drainage  area  of  640 
square  miles.  It  rises  in  the  Uinta  Mountains  near  the  sources  of  Weber,  Bear,  and 
Du  Chesne  rivers,  flows  westward  and  southward  through  Kamas  and  Provo  valleys,  and 
passes  through  the  Wasatch  Mountains  in  a  deep  canyon.  On  entering  Utah  Lake  Valley 
Provo  River  flows  almost  due  south  for  5  miles,  skirting  the  great  Provo  delta,  and  thenoe 
westward,  entering  Utah  Lake  about  3  miles  west  of  Provo. 

Spanish  Fork  has  a  watershed  about  equal  to  that  of  Provo  River,  but  not  so  great 
a  discharge.  It  rises  near  Soldier  Summit,  and,  after  receiving  two  main  tributaries, 
North  and  Thistle  creeks,  flows  in  a  canyon  through  the  nuun  ridge  of  the  Wasatch  Moun- 
tains and  enters  Utah  Lake  Valley  at  the  head  of  the  large  embayment  that  extends  between 
Payson  and  Springville. 

Salt  Creek  rises  in  the  southern  Wasatch  Mountains,  on  the  eastern  slope  of  Mount  Nebo, 
and,  after  oros.siug  the  border  of  the  plateau  n»gion,  emerges  into  the  broad  valley  at  the 
southwestern  base  of  the  Wasatoli  Mountains  where,  in  summer,  it  ceases  to  flow  at  the 
surface.  Tlie  drainage  way  continues,  in  a  narrow  canyon,  through  Long  Ridge  whicli  pa^ 
tially  connects  the  East  Tintic  and  the  Wasatch  mountains,  and  enters  the  southern  end 
of  Utah  Lake  in  Goshen  Valley,  where  the  stream,  which  is  fed  largely  by  seepage,  is  knovn 
AS  Currant  Creek. 

The  other  tributaries  of  I'tah  Lake  are  n'latively  small.  The  chief  ones  rise  in  the 
Wasatch  Mountains  and  occupy  canyons  in  their  mountain  courses,  where  they  maintain 
perennial  flows.  At  the  nioutlis  of  the  canyons  canals  divert  the  water  and  distribute  it 
over  the  valley,  so  that  in  the  irrigation  .season  practically  all  of  the  available  supply  ^ 
thus  used  and  the  beds  of  tlie  stnanjs  in  Utah  I^ake  Valley  arc  commonly  dry;  but  in  the 
late  spring  and  early  sunmier,  during  the  period  of  melting  snow,  large  volumes  are  <fi^ 
charged  directly  into  the  lake. 

Jordan  RivcT  lu>ads  at  the  northern  end  of  Utah  Lake  and  flows  northward  in  a  meandei 
jng  coursi'  of  about  40  miles  to  Groat  Salt  Lake.    Yot  \\ift  ^to\.  5  xcdka  the  river  flows  «ht 
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hly  in  a  broad  valley,  and  in  that  distance  falls  only  about  10  feet.  In  the  "narrows/' 
w^ever,  the  river  occupies  a  constricted  channel  and  descends  rapidly;  in  the  first  mile 
ow  the  intake  of  the  canals  its  fall  amounts  to  about  70  feet.  Below  the  **  narrows  "  the 
[ley  spreads  out  and  at  its  greatest  width  is  about  18  miles  wide.  The  country  rises  gradu- 
y  toward  the  adjacent  highlands- to  the  base  of  the  terraces  that  mark  the  shore  lines  of 
ke  Bonneville y  whence  the  ascent  is  by  successive  steps.  Between  Salt  Lake  City  and 
eat  Salt  Lake  the  topography  is  almost  flat,  and  a  number  of  small  lakes  of  shifting  out- 
e  occupy  local  depressions.  As  the  shore  of  Great  Salt  Lake  is  approached  there  is  a 
Dt  slope  of  the  surface  which  becomes  increasingly  marshy.  This  area  west  of  Salt  Lake 
y  in  general  is  barren  and  desolate  and  the  surface  in  many  places  is  white  with  alkali. 
.  the  uplands,  away  from  the  lake,  alkah  is  scarce,  but  the  western  part  of  the  valley, 
;ause  of  the  lack  of  water,  suffers  in  comparison  with  the  cultivated  eastern  part,  which 
nipplied  by  streams  from  the  Wasatch  Mountains. 

Sorth  of  the  Traverse  Mountains  the  principal  tributaries  of  Jordan  River  are  City,  Red 
tte,  Emigration,  Parleys,  Mill,  Big  Cottonwood,  Little  Cottonwood,  Dry  Cottonwood,  and 
How  creeks,  all  of  which  issue  from  the  Wasatch.  In  their  mountain  courses  these  creeks  ' 
lerally  occupy  narrow  canyons  from  which  they  emerge  on  the  lowlands  and  flow  in  broad 
?n  valleys  to  the  Jordan.  Within  the  mountains  they  arc  all  perennial  streams,  but  at 
^  mouths  of  the  canyons  their  flow  is  largely  diverted  by  irrigation  ditches,  so  that,  in  the 
rest  part  of  the  year,  their  lower  courses  are  generally  dry.  They  rise  in  the  main  crest 
the  Wasatch  and  have  small  watersheds,  Big  Cottonwood  Creek,  draining  about  48  square 
les,  being  the  largest.  This  stream  rises  at  the  base  of  Clayton  Peak,  is  fed  by  a  number 
small  lakes,  and  discharges  a  considerable  quantity  of  water  through  a  narrow  canyon 
1.IV,J5). 

The  vegetation  is  scanty.  The  valleys  in  their  natural  state  are  occupied  by  sagebrush, 
easewood,  and  kindred  desert  plants,  but  wherever  water  is  available  there  is  a  marked 
Dtrast,  and  the  irrigated  areas  of  these  valleys  rival  in  productiveness  any  in  the  country, 
igar  beets  are  grown  in  quantity;  alfalfa,  potatoes,  com,  etc.,  are  common  crops;  and  on 
«  bench  lands  a  variety  of  fruits  are  successfuUy  cultivated.  The  mountains  on  the 
?stem  border  are  generally  barren;  sagebrush  and  occasional  cacti  are  the  chief  growths 
I  the  slopes,  while  scrub  oak  and  stunted  spruce  and  pine  here  and  there  grow  in 
itches;  the  summits  are  usually  bare.  The  Wasatch  Mountains  are  more  favored,  but 
ey  do  not  support  a  heavy  growth  of  trees.  At  the  heads  of  the  valleys  scattering 
oe,  juniper,  mountain  mahogany,  and  quaking  aspen  locally  occur,  and  cottonwood,  birch, 
id  maple  are  often  found  near  the  stream  beds.  The  slopes  are  commonly  covered  with 
iderbrush  in  varying  degrees  of  thickness,  sagebrush  and  scrub  oak  being  prominent. 

GEOLOGY. 

LITERATURE. 

rhis  area  has  been  studied  by  prominent  geologists  and  has  inspired  some  classic  works 
American  geology.  King,  Emmons,  and  Hague  of  the  Fortieth  Parallel  Sur\'ey«  inter- 
ted  the  main  features  of  the  region,  and  Gilbert  made  it  famous  hv  his  investigation  of 
te  Bonneville. ft  But  although  this  interesting  region  lies  contiguous  tx)  one  of  tlie  main 
Dscontinental  routes  and  has  been  visited  by  many  geologists,  yet  comparatively  little 
ailed  work  has  been  done  in  it.  Walcottf  has  studied  the  Big  Cottonwood  Cambrian 
tion,  G.  O.  Smith  and  G.  W.  Tower ^  have  examined  the  Tintic  district,  J.  E.  Spurr<^  has 

King,  Clarence,  Systematic  geology:  Rept.  Gool.  Explor.  40th  Par.,  vol.  i,  1872;  IlHgiio.  Arnold,  and 

mens.  S.  F.,  Descriptive  geology:  Ibid.,  vol.  2,  1877. 

3ilbert,  O.  K.,  Lake  Bonneville:  Mon.  U.  S.  Geol.  Survey,  vol.  1,  1890. 

WnUiott,  C.  D.,  Bull.  U.  S.  Geol.  Survey  No.  30,  188G,  p.  38. 

Tower,  O.  W.,  and  Smith,  G.  O.,  Geology  and  mining  industry  of  the  Tintic  district,  Utah:  Xine- 

ith  Ann.  Rept.  U.  S.  Geol.  Survey,  pt.  3,  1898,  p.  601. 

Spurr,  J.  E.,  Economic  geology  of  the  Mercur  mining  district,  Utah.  ij^\x\.w\\VYv  .Kivw,  V.v5vV-V  .  ^. 

d.  Survey,  pt.  2, 1806,  p.  343. 
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reported  on  tho  Mercur  mines,  and,  more  recently,  work  has  been  carried  on  in  the  Park 
City  and  Bingham  mining  districts  by  J.  M.  Boutwell.a  The  following  sketch  k  mainlj 
compiled  from  theae  reports. 


DESCRIPTIVE  GEOL.OGT  OF  THE  HIGHIiANI>S. 

The  Wasatch  Mountains  are  composed  of  a  complex  mass  of  sedimentary,  igneous,  and 
metamorphic  rocks  that  have  been  much  fokled  and  faulted.  In  age  the  rocks  range  from 
pre-Cambrian  to  Tertiary  and  constitute  a  thickness  of  about  ^,000  feet.  The  foUowiqg 
table  shows  in  epitome  the  main  Paleozoic  divisions  according  to  the  Fortieth  PandM 
Survey: 

PdUasoie  section  in  the  Wasakh  Mouhlains. 


System. 


Formation. 


(Upper  Carl>onifcrou8  limestone  (including  Permian) . 
Weber  quartzites  with  a  few  thin  beds  of  limestone. . 
Wasatch  limestone 

Devonian '  Ogden  quartzite 


Silurian |  UtsHiBistone 

Cambrian I  Big  CottOBWOod  quartzite  aeries  (clay  slates  at  top) . 


Average 


FetL 
2. 500  to  3,000 
5.000  to  7.O0O 

7,on 

1,000  to  1,290 
1,000  to  ],2SD 

aooo 


30,l» 


The  present  mountains  are  the  eastern  part  of  a  greater  mass  of  rocks,  the  Wsnlch 
Range  having  boen  raLsed  by  faulting  several  thousand  feet  higher  than  the  westeni  psit 
of  this  mass,  which  now  lies  buried  beneath  the  valley  deposits.  This  great  fault  » (he 
dominant  structural  feature  of  the  region.  The  range  rises  abruptly  7,000  feet  above  the 
wide  lowland  at  its  has;',  where  the  stn^ams,  which  in  their  mountain  courses  occupy  deep- 
cut  narrow  gorgtvs,  flow  in  vddv  valleys.  The  fault  cuts  across  the  range  regardless  of  the 
structurt^  of  the  rocks,  and  the  truncated  mountain  bases  abut  against  the  plain  in  mtiked 
alignment. 

Beginning  at  the  north  and  proceeding  southward  the  following  features  may  be  noted: 
The  spur  that  jut.s  out  froin  the  Wasatch  Mountaias  north  of  Salt  Lake  City  maiks  the 
southern  boundary  of  a  series  of  pn»-Oambrian  rocks  that  constitute  the  crest  and  wcstwn 
flanks  of  the  inountaiiLs  to  the  northwest,  almost  as  far  as  Ogden.  These  rocb  for  the 
most  part  consist  of  gneisses  and  mica-schists,  considered  to  be  of  sedimentary  origin,  with 
which  are  a.ssociated  quartzitcs,  slat(>s,  and  some  igneous  rocks.  In  general  the  strike  is 
N.  20"  W.,  and  tli(^  pn'vailing  dip  Ls  westerly  at  angles  ranging  from  16°  to  20".  A  greet 
thickness  of  coarse  Tertiary  conglomerate  lies  high  up  on  the  northeastern  flanks  of  the 
range,  hut  at  the  southeastern  end  of  the  crystalline  an>a  Paleozoic  sediments  abut  against 
the  older  .series  and  dip  .southeastward. 

^Vii  outlying  mass  of  nearly  horizontal  coarse  Tertiary  conglomerate,  composed  chiefly  o» 
pebbles  of  limestone*  and  quartzitc,  caps  the  spur  of  the  mountains  north  of  Salt  Lake  CHy 
and  conceals  tht^  older  sediments  except  along  the  western  base  of  the  spur,  where  the 
Wasatch  liniestx>ue  outcrops.  A  small  isolat^'d  body  of  volcanic  rock  outcrops  in  the  mid^ 
of  the  Tertiary  area  and  is  bi.sected  by  City  Creek.  The  headwaters  and  upper  course  of 
City  Cn»ek  lie  in  Paleozoic  ro<'ks,  chiefly  in  the  WelxT  quartzite  and  Wasatch  limestoDe» 
wliich  dip  southeastward  at  angles  varying  from  30°  to  65°.  Across  the  divide  a  laif^  are* 
of  flat-lying  Tertiary  rocks  cap  the  disturl)ed  Paleozoic  series. 

o  Bcutwcll,  J.  M.  ProgrcMs  reports  Park  City  mining  district:  Bull.  U.  S.  Geol.  Survey  No.  213, 1WI» 
pp.  31-40;  No.  225,  1904.  pp.  141150;  No.  200,  1905,  pp.  150-153.  Economic  geology  Bingham  mining 
district:  Prof.  Paper  U.  S.  Geol.  Survey  No.  38. 1905  (with  u  section  on  areal  geology  by  Arthur  Keitt^ 
and  an  introduction  on  general  geology  by  S.  F.  Emmons). 
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Between  City  and  Big  Cottonwood  crpeks  the  summit  and  western  face  of  the  mountains 
le  occupied  by  an  immense  syncline  striking  nearly  east  and  west.  Its  western  end  is 
iiminated  by  the  Wasatch  fault,  which  cuts  directly  across  the  fold  and  exposes  the  struc- 
ire  so  that  it  can  be  plainly  seen  from  Jordan  Valley.  The  axis  of  the  syncline  coincides 
pproximately  with  the  course  of  Emigration  Creek.  In  detail,  however,  the  structure  is 
implicated  by  a  number  of  relatively  minor  disturbances. 

East  of  Salt  Lake  City  upper  Carboniferous  and  Permian  strata,  consisting  cliiefly  of  lime- 
oiDe,  outcrop  between  City  and  Red  Butte  creeks,  and  dip  southward,  forming  the  northern 
mb  of  the  syncline.  Red  Butte  Canyon  lies  in  Penno-Carboniferous  rocks,  but  netkv  the 
louth  of  the  canyon  ''Red  Beds"  outcrop  and  continue  along  its  southern  divide.  The 
Red  Be^''  consist  chiefly  of  red  shales  and  sandstones,  aggregating  over  1,000  feet  in 
lickness  and  arc  overlain  by  thin-bedded,  argillaceous  limestones  and  shales  of  Jurassic 
^.  These  rocks  occupy  the  center  of  the'  syncline,  and  outcrop  in  the  valley  of  Emigration 
re«k. 

South  of  Emigration  Creek  the  summit  and  western  face  of  the  Wasatch  Mountains  are 
scupied  by  the  southern  limb  of  the  syncline  as  far  as  Big  Cottonwood  Creek,  and  the 
icccasion  of  rocks  mentioned  above  is  repeated  in  reverse  order.  The  dips  generally  are 
orthward,  but  there  are  minor  folds  and  faults. 

Parleys  Creek  rises  in  the  Cretaceous  sandstone  and  conglomerate  that,  cast  of  the  main 
Tasatch  ridge,  lie  unconformably  upon  the  older  rocks.  After  traversing  this  area  it  crosses 
narrow  b?lt  of  Red  Beds  and,  for  5  miles  above  the  mouth  of  its  canyon,  flows  over  calcare- 
js  and  argillaceous  Permo-Carboniferous  rocks.  Carboniferous  strata  occupy  the  divide 
etween  Parleys  and  Mill  creeks,  the  latter  of  which  flows  for  the  greater  part  of  its  length 
I  the  Weber  quartzites. 

Between  Mill  and  Big  Cottonwood  creeks  the  lower  Paleozoic  rocks  outcrop.  Big  Cotton- 
cxxi  Creek  exposes  for  6  miles  above  the  mouth  of  its  canyon  a  great  thickness  of  Cambrian 
.rata/oonaisting  of  silicsous  slates  and  quartzites;  in  the  upper  part  of  its  course  this  creek 
roases  the  Weber  quartzitc  and  Wasatch  limestone,  and  heads  in  the  crystalline  rocks  of 
Uyton  Peak.  little  is  known  of  the  occurrence  of  Silurian  and  Devonian  sediments  in 
lis  area.  Their  presence  was  recorded  by  the  early  surveys,  but  the  little  detailed  work 
lat  has  been  done  shows  that  in  a  few  localities  at  least  these  systems  do  not  appear  to  be 
iprcsented  by  sediments. 

Little  Cottonwood  Creek  for  about  8  miles  from  the  mouth  of  its  canyon  flows  through  a 
lystalline  area,  and  heads  in  Paleozoic  strata  and  igneous  rocks  at  the  foot  of  Clayton 
'eak.  The  western  base  of  the  mountains  extending  north  and  south  of  Little  Cottonwood 
Ireek  is  occupied  by  a  belt  of  schistose  rocks  about  10  miles  long  and  averaging  perhaps  1 
lile  in  width.  These  rocks  are  of  prc-Cambrian  age  and  arc  over  a  thousand  feet  thick, 
liey  consist  laigely  of  quartzite,  but  include  also  slat(>s  and  mica-schists,  having  an  appar- 
nt  steep  western  dip.     Up  Little  Cottonwood  Cr^rek,  beyond  the  pre-Cambrian  area,  lie.s 

laigi?  body  of  granitic  rocks,  which  forms  high  peaks  north  and  south  of  the  crei'k,  and 
brough  which  the  stream  flows  for  the  greater  part  of  its  course.  The  Paleozoic  sediments 
rch  around  this  granitic  area,  dipping  away  from  it  to  the  north,  cast,  and  south,  forming 

dome  the  western  part  of  which  has  been  cut  off  by  the  Wasatch  fault. 

TTie  age  of  the  "Little  Cottonwood  granite "  has  been  the  subject  of  mmw  discussion.  It 
learly  cuts  the  pre-Cambrian  rocks  at  the  mouth  of  the  canyon,  hut  its  n>lation  to  the 
Cambrian  was  not  definitely  determined  by  the  early  surveys,  tiiou^h  the  granitic  was 
bought  to  be  of  prc-Cambrian  age.  Recently,  however,  it  ha.s  been  shown  a  that  the 
'granite"  is  an  intrusive  mass  that  cuts  the  Cambrian  quartzite,  though  the  age  of  the 
intrusion  is  not  yet  known. 

Partial  topographic  connection  between  the  Wasatch  and  Ocjuirrh  ranges  is  maintained 
by  the  Traverse  Mountains  near  the  head  of  Jordan  Valley,  but  this  coimoction  funiishes 
little  information  concerning  the  relations  of  the  two  main  mountain  masses,  I>ecaus<>  the 


•  Emmofifl,  S.  F.,  Am.  Jour.  l^cL,  4th  8«»r.,  vo\.  \»\,  \VAgv\«V,  \^^>k\,  v-  V«^. 
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Traverse^  Mountains  arc  largely  compoeed  of  younger  laTas,  wfaidi  conoeal  the  rocks  upuo 
which  they  lie. 

In  the  **  narrows ''  where  Jordan  River  flows  through  the  Traverse  Mountains,  pncticallj 
horizontal  Pleistocene  gravels,  which  form  the  great  embankment  at  the  point  <d  tbe 
mountain,  are  unconformably  underlain  near  the  river  level  by  fine-textured  sediments 
that  dip  southeastward  at  an  angle  of  40^.  The  lower  part  of  these  sediments  consiBts  of 
light  calcareous  clay  and  the  upper  part  of  fine  sand  and  gravel.  No  fossils  were  found,  but 
the  marked  unconformity  and  the  character  of  the  material  suggest  that  the  age  of  the 
lower  deposits  is  Tertiary. 

'East  of  Utah  Lake  the  great  Wasatch  fault  is  impressively  shown  by  the  remarkable 
alignment  of  the  base  of  the  mountains  extending  from  Spanish  Fork  Canyon  to  thelVtr- 
erse  Mountains  in  an  approximately  straight  line,  and  by  the  abrupt  rise  of  the  mounttios 
above  the  broad  valley.  Second  and  third  lines  of  faulting,  lying  parallel  to  the  main  fauk 
and  east  of  it,  arc  suggested  by  the  topography,  which  rises  steplike,  with  two  intervening 
treads  between  the  ascents,  to  the  top  of  the  main  ridge,  and  by  the  unusual  thicknenof 
limestone  exposed,  which  apparently  requires  repetition  by  faulting  for  the  explanation  of 
its  occurrence. 

In  this  part  of  the  range  a  disturbed  belt  of  rocks  with  prevailing  steep  westeriy  dips 
occurs  along  the  western  base  of  the  mountains,  beyond  which  the  strata  dip  eastward  at 
low  angles  and  the  summits  of  the  main  ridge  are  capped  by  limestone  lying  almost  flat. 
The  streams  that  cross  the  mountains,  therefore,  flow  transversely  to  the  strike  of  the  rods, 
in  marked  contrast  to  the  creeks  farther  north,  whose  courses  lie  approximately  parallel  to 
the  strike. 

Excellent  sections  can  be  measured  along  the  canyons,  but  very  little  detailed  wock 
has  yet  been  done.  The  rocks  in  general  are  quartzite  and  limestone  of  Carboniferous  age, 
but  locally  Cambrian  sediments  also  occur.  In  Rock  Creek  Canyon,  east  of  Provo,  in  th« 
lower  end  of  the  gorge,  the  rocks  are  much  disturbed  and  are  complexly  folded.  Here  s 
considerable  tliickness  of  white  quartzite  outcrops,  overlain  by  a  great  mass  of  limestone. 
In  a  thin  bed  neiir  the  basc^  of  the  limestone  G.  H.  Girty  obtained  a  few  Cambrian  fossils, 
and  about  600  feet  above,  in  massive  gray  limestone,  the  beds  being  apparently  conformable, 
he  found  Lower  Carboniferous  fossils. 

South  of  Hobble  Creek  easterly  dips  prevail  from  the  base  of  the  mountains  as  far  as 
Spanish  Fork,  beyond  which  the  range  has  been  very  little  studied.  It  trends  southwest- 
ward  and  terminates  at  Mount  Nebo,  the  main  mass  of  which  is  composed  of  steeply  west- 
dipping  limestone  and  subordinate  quartzite  of  upper  Carboniferous  age.  The  hi^ilaod 
farther  south  consists  of  a  series  of  plateaus,  which  are  underlain  by  low-lying  Mesoiokand 
Tertiary  rocks. 

The  highlands  that  lx)rder  the  valleys  of  Jordan  River  and  Utah  Lake  on  the  west  are  for 
the  most  part  composed  of  the  same  rocks  that  occur  in  the  Wasatch  Mountains,  but  the 
structural  relations  are  completely  hidden  by  the  deep  filling  of  the  intervening  valleys. 

The  Ocjuirrh  Range  is  composed  mainly  of  Carboniferous  limestones  and     quartzites, 
wliirh,  in  the  southern  part  of  the  mountains,  arc  folded  into  two  parallel  anticlines  with  C^ 
intervening  synrline.     The  axes  of  folding  are  obliquely  transverse  to  the  topography,  tb^ 
range  extending  in  a  north-south  direction  wliilc  the  structural  trend  is  northwestward- 
The  structure  of  tlie  nortliern  part  of  the  mountains  is  little  known,  but  the  range  is  prob^^ 
bly  terminated  by  a  fault.     Rocks  of  Cambrian  age  arc  exposed  locally  by  a  fault  in  tb^ 
vicinity  of  Mercur,  and  igneous  rocks,  both  extrusive  and  intrusive,  also  occur.    Tb^ 
intrusive  rocks  include  lK)tli  acidic  and  basic  porphyries,  which  are  conspicuous  in  th^ 
vicinity  of  the  mining  camps  of  Bingham  and  Mercur;  the  extrusive  rocks,  largely  ande**^ 
itic,  occur  principally  along  the  eastern  base  of  the  range  and  in  the  Traverse  Mountains. 

Tlie  Lake  Mountains,  or  Pelican  Hills,  west  of  Utah  Lake,  are  compoeed  of  Carbonif-^ 
erous  limestones  and  quartzites  which  constitute  a  low  synclinal  fold,  and  are  separatee^ 
from  the  Traverse  Mountains  by  a  narrow  strip  of  Pleistocene  deposits.     A  line  of  hilla  ^ 
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compoeed  chiefly  of  west-dipping  limestone,  separate  the  Lake  Mountains  from  the  East 
Tin  tic  Range — the  succeeding  highland  mass  to  the  south.  The  northern  end  of  these 
hilk  is  capped  by  horizontal  basalt  with  which  light  pumiceous  tuff  is  associated. 

The  E2ast  Tintic  Range,  a  complex  mass  of  sedimentary  and  igneous  rocks,  forms  the 
southwestern  border  of  Utah  Lake  basin.  As  in  Rock  Canyon,  the  sediments  consist  of 
Cambrian  quartzite  and  Carboniferous  limestone  in  juxtaposition,  indicating  the  absence 
of  the  Ordovician,  Silurian,  and  Devonian.  The  main  structure  of  the  sedimentary  rocks  is 
simclinal,  but  these  constitute  a  relatively  small  part  of  the  outcrops,  igneous  rocks,  rhyo- 
lite,  andesite,  monzonite,  and  basalt  occupying  most  of  the  region.  These  are  of  both 
extrusive  and  intrusive  origin,  and  are  of  Tertiary  age.  The  low  spur  of  the  Tintic  Moun- 
tains known  as  Long  Ridge,  which  lies  south  of  Goshen  and  connects  with  the  Wasatch — save 
for  a  narrow  Pleistocene  strip  south  of  Santaquin — consists  of  andesite  in  its  southern  part, 
while  southeast-dipping  Carboniferous  limestones  outcrop  in  the  goi^  of  Currant  Creek. 

LATE  GEOLOGIC  HISTORY. 

Tlie  above  r^sum^  implies  for  this  region  a  complex  geologic  history  which  need  not  here 
be  <}^uased.  A  statement  of  late  geologic  events  will,  however,  add  to  a  clearer  under- 
standing of  the  valley  deposits  in  which  the  underground  water  is  stored. 

TBRTIABT  HI8T0BT. 

After  many  thousands  of  feet  of  sediments  had  accumulated  in  Paleozoic  and  Mesozoic 
time,  during  which  the  general  region  was  occupied  by  oceanic  waters,  profound  continental 
uplift  occured  in  early  Tertiary  time.  Since  then  the  ocean  has  not  invaded  the  interior  of 
the  continent  and  during  Tertrary  time  much  of  the  Cordilleran  region  is  believed  to  have 
been  occupied  by  a  number  of  lakes  in  which  a  considerable  thickness  of  rocks  accumulated. 
During  the  Elocene,  according  to  the  geologists  of  the  Fortieth  Parallel  Survey,  a  great  fresh- 
water lake  occupied  the  Wasatch  Mountain  area,  and  toward  the  close  of  this  epoch  the 
mountains  were  finally  uplifted  and  the  relative  depression  of  the  Great  Basin  originated. 
The  late  Tertiary  witnessed  the  formation  of  several  lakes  whose  positions  were  determined 
by  different  crustal  movements,  and  these  lakes  persisted  with  varying  relations  into  the 
Pleistocene  epoch,  llie  end  of  Tertiary  time  was  marked  by  further  earth  movements  that 
divided  the  Great  Basin  area  into  two  main  depressions,  following  the  bases  of  the  recently 
uplifted  Wasatch  Mountains  and  the  Sierra  Nevada.  In  Quaternary  time  the  bordering 
mountains  were  occupied  by  glaciers,  and  enormous  lakes  accumulated  in  the  marginal 
depressions  of  the  Great  Basin.  The  two  largest  of  these  have  l)een  named  after  early 
explorers.  Lake  Lahontan  covered  an  immense  area  in  western  Nevada  and  Lake  Bonne- 
ville occupied  a  considerable  part  of  western  Utah  and  extended  into  adjacent  parts  of 
Nevada  and  Idaho. 

aVATSRHAKT  EISTOKT. 

The  existence  of  Lake  Bonneville  is  borne  witness  to  by  a  number  and  variety  of  facts, 
chief  of  which  are  the  remains  of  shore  lines  and  shore  deposits,  and  the  groat  thickness  of 
sediments  that  accumulated  in  the  lake  and  that  now  constitute  the  valley  floor.  At  its 
greatest  extent  the  water  of  Lake  Bonneville  was  approximately  1,000  feet  above  the 
present  surface  of  Great  Salt  Lake.  This  large  body  of  water  abutted  against  the  adjacent 
highlands  and  the  outline  of  the  lake  was  intricate.  Deep  bays  and  jutting  promontories 
'iiArked  the  shores,  and  lone  mountains,  partly  submerged,  stood  out  as  Islands. 
iTie  area  considered  in  this  report  formed  part  of  one  of  these  buys.     This — 

*^a  divided  by  a  doM  atrieture  into  an  outer  bay  and  an  inner,  the  outer  covering  the  valley  of  the 
Jor^i^  River  and  the  inner  spreading  over  Cedar.  Utah,  and  <.ioshen  vailoyfl  and  a  part  of  Juab  Valley, 
la  the  inner  bay  the  QoBben  Hills  made  two  islands,  and  the  I^elican  Hills  constituted  one  large 
^'^^i  aeveral  small  islands.  Small  estuaries  occupied  Emigration  and  Little  Cottonwood  canyons, 
^lUieeting  with  the  cater  bay,  and  the  inner  bay  sent  an  estuary  into  Provo  Canyon." 

•  Gilbert,  O.  K.,  Lake  Bonneviile:  Mon.  U.  8.  Geo\. Survey,  vo\.\,\va»,  v-V». 
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During  the  exist oiuv  of  lAikv  Bonneville  sc^iimentation  was  practically  continuous  in  lis 
lowest  (iepn'ssion,  but  toward  the  pi»riplien-  o^'illations  of  (lie  water  level  nItenmteU'  r«»v- 
en»<l  the  lake  deposits  and  ex|)os<»d  them  to  suluu'rial  influences.  Kvidence  of  the  earlii'.rt 
PlcLsKK-ene  history  of  the  IV»nneville  n^f^ion  is  furnished  by  alluvial  cones  that  extend  nearly 
to  the  bottom  of  the  basin.  These  are  comportcnl  of  detritus  derived  from  the  adjarmt 
highlands  under  subaerial  c«>nditi«)nsand  could  not  have  been  accumulated  when  the  \v\A 
of  the  lake  was  high.  It  is  thercfon*  c(mcluded  that  at  this  (»arly  period  in  the  hi.sti»n-  nf 
the  lake  comparatively  arid  conditions  prevailiKi.  for  the  st«ge  of  a  lake  in  acloried  haMni* 
determined  by  the  relation  of  evaporation  to  water  supply.  It  has  also  l)een  detemiiiuHl 
that  at  this  ]>cri(Ki  of  the  history  of  the  lake  it  had  no  outlet  and  that  the  time  of  dunniim 
of  low  water  was  n»latively  long. 

Next  succtH'ded  a  })eriod  of  high  water,  when  yellow  clay,  locally  streaked  with  i*iv\. 
was  de}x>sited  in  a  large  part  of  the  lake.  The  lias<»  of  the  yellow  clay  has  not  biH»n  olweneJ 
and  gtH)d  sections  art*  rare,  though  an  cxpcjsure  LW  feet  thick  has  l)een  mtHLsured.  Tlir 
deposit  l(H'ally  extends  to  within  120  feet  of  the  highest  level  attaiiUKi  by  Lake  Bounevilif. 
but  a  study  of  the  shore  line  shows  that  during  the  deposition  of  the  yellow  clay  the  wairr 
did  not  ris(>  to  the  rim  of  the  Imsin.  In  the  lower  {lart  of  the  basin  the  yellow  rlav  is 
unconfonnnbly  overlain  by  a  dcpttsit  of  white  marl,  kK*a1  streaks  of  alluvium  orrumn^ 
at  the  contact.  The  white  marl  is  compos(*d  of  a  fine  calcareous  clay  consisting  of  calrium 
and  magnesium  carlxmates,  micn»scopic  .<4iliceous  organic  riMnains,  and  fine  elastic  debris. 

These  facts  imply  (1)  that  aft«'r  the  deposition  of  the  yellow  clay  the  lake  water  sul»- 
sided,  (2)  that  the  clay  was  eroded,  and  (:|)  that  a  second  period  of  hig^  wat4*r  sulisequcntly 
ensued  when  the  white  marl  was  depo.site<l.  Tlie  ext<»nt  to  which  the  watem  sulisidwi  i> 
undetermined,  but  the  {Mxssibility  *)f  complete  desiccation  is  suggest^  by  the  dilfcMur 
in  character  In'tween  the  yellow  clay  and  white  marl.  The  ext^^nt  of  the  secomi  p«»rio:l«'f 
high  water  is  detemiined  by  the  Iiighf*st  shore  line  tniciMible  along  the  adjaC4*nt  mountain 
flanks.  This  level  is  nppn>ximately  l.(KK)  ftM't  alM>ve  (in»at  Salt  Lake  and  is  known  astiw 
IJonneville  .»*hore  line.  The  lnk«'  then  outflowed  through  Cai'he  Valley  into  the  Sna^e 
Kiv<'r  basin. 

The  B<inn(>vilie  slioiv  lin(>  marks  the  high(>st  stage  of  Ijake  Bonneville  and  the  level  '^ 
its  initial  oiitfliiw.     Beneath  this  level  the  drainage^  channel  was  cut  down  by  the  outfU>^ 
of  the  lake  to  a  depth  of  approximately  .'{7')  feet.     That  the  lake  maintained  its  level  at  l'** 
stage  «»f  lowest  outflow  for  a  relativelv  long  lime  is  att(>st(>d  by  the  well-developed  Ao^^ 
phenoiiH'ua  at  tln»  conespnndiiig  elevation.     This  stage  detemiined  the  Provo  shoreline* 
so  named  from  its  great  development  near  that  town. 

The  present  <onditions  have  beiMi  bnmght  about  by  the  re<'es.sion  of  the  lake's  ■urfact'^ 
due  to  the  exctvss  of  eva|M)ratioii  over  inflow,  so  that  now  (ireat  Salt,  Utah,  and  Sevier  ]|ik(^^ 
are  the  sole  remnants  of  the  former  great  binly  «»f  water.  The  nTes-sion  has  uncovend  ih^ 
gnuit  e\pan.s<»  of  lake  Iwds  that  underlie  the  inlermontane  plains  and  constitute  the  fertik^ 
lands  at  tb(>  bas4'  of  the  Wasiitdi  Mountain^,  and  has  also  ex{)os4Ml  the  remarkable  shon*' 
phenomena  that  testify  to  the  hist«»rv  of  Lake  Bonneville.  s«i  ctmipletely  forked  out  by 
(Jilbeil. 

The  lionneville  basin  is  pre<'minenlly  cbaracteri/.iHi  by  its  many  shon*  lines  (PI.  Ill,  i?). 
the  highest  of  which  impinges  against  the  mountains  and  the  lowest  of  which  that  can  U» 
recognized  incloses  the  area  covered  by  tlH»  lake  s<'dirnj'nts.  Through  a  vertical  int^^rval 
of  l,()00  fi'el  the  story  of  the  risi»  and  fall  of  this  body  of  water  is  recorded  by  the  super- 
position of  shore  lin<'  u|M)n  lakt'  .sediment  and  of  lake  s<Mliment  upon  shore  line.  Tlie  record 
is  not  in  all  cas<«s  |H'rfectly  legible,  l>ul  the  main  f«'atures  are  unmistakable. 

The  work  of  waves  is  re<*orded  by  clilFs  and  wave-<ut  t<'rraces.  fi-om  which  the  debris 
was  carried  along  the  shoi-e  to  mak«'  U'nchi's.  bars,  spits,  and  terraces.  The  .streams  loade<l 
with  the  waste  of  the  land  aivas  de|)osited  their  bmdens  in  the  lake,  the  coarstT  detritiH 
l)eing  laid  down  near  slioiv  while  the  liner  siind  and  clay  were  carried  far  out  lM»fon»  sedi- 
mentation (K-curred.  Deltas  w«'n'  formed  at  the  mouths  of  the  largtM-  creeks  where  .s«i  much 
debris  was  carried  that  the  shon»  current-;  could  not  distribute  it.     Since  the  recession  of 
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.1.      NORTHERN    END   OF   UTAH    LAKE. 
Oquirrh  Mountains  in  background. 


HEAD-GATE  OF  JORDAN   AND  SALT   LAKE  CITY  CANAL.   LOOKING  SOUTH. 

Embankment  at  point  of  the  mountain  in  background. 
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PRECIPITATION. 

Monthly  and  annual  precipitation  at  Salt  Lake  Cityf  1875  to  190^. 
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2.00  I  2.21  ' 


4,&4 

T. 
.00 

.73 
1.18 

.28 
3.44 
3.15 
1.10 
1.95 
L52 
1.40 

.92 
1.24 
2.21 

.00 


4.37  ' 

.43' 
3.19' 
3.35 
2.37 

1.28; 

.80  I 
.84  , 

1.47  : 


1.16  I 
1.31  , 
.51  : 
■  06  i 


AM 

t,3 
l&S 

II U 

i&ff 

1134 
US 

n.m 

11.64 

11& 
vkm 
iai3 
litf 

liOB 

17>5 

1195 
ItO 
\t74 
1&O0 
17.57 
11.13 
l&tf 

liH 


1.36     1.64 


lit* 


Monthly  aiid  annual  precipitation  at  Park  Ciiyy  1899  to  1904- 
[Inches.] 


Year. 

1           1           1            '            ,           1 

]  Jan.  1  Fob.  1  Mar.    Apr.    May. ;  June. 

July. 

Aug. 

1 
Sept.'  Oct. 

1 
Nov.  1  Dec. 

AnnoAl- 

1899 

1 

1 
a  90  '  1.80 

1900 

1901 

1902 

1903 

...    0.93  1  1.87  1  0.38     3.56     0.30  ;     T. 

...    2.24  !  2.35  '  3.15  !  1.92     l.-W     020 
1                        1 
1  on      1    1R  ,  4  n4      1  QA  1       Cu 

0.10 
.90 

0.32 
1.40 

2.23     0.90 
.45       .18 

a  50  1  1. 30 
1.40  1  2.20 

1530 
17.  ff 

...3.88     1.34  '  2.  GO       .95     2.89  '     T. 

.92       .30 

.55  1    .95 
.00  1 

1904 

2.15     5  00     7. 85     1.69     2  44 

1.99 

i 
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MoniUy  and  annual  predpiiaHon  ai  Prwo,  1899  to  1904- 
[Inches.] 


Year. 

!j.n. 

.    1.54 
1 
.      .45 

J     .22 

.36 

.1  2.65 

Feb. 

2.89 
35 

n 

6fi 
2.Z7 

Mar.  1  Apr. 

K.,. 

June. 



July. 

Aug. 

Sept. 

0.00 
1.13 

Oct. 

2.79 
.66 
T. 
.68 
.55 

1.66 

Nov. 

0.94 
3.50 
.85 
1.55 
..H 

Dec. 
1.0& 

1.28 
.49 
1.05 

Annual. 

1               -  - 

1 
2.45  j  0.39 

1.37 

0 

06     1.65  1    .32 
100       .29'    .39 
L  30     2. 14  1    .36 
L80      .51  ,  2.69 
3.75     1.66  1  2.11 

1 

0.18 
.10 
.30 
.42 

T. 

0.11 

.39 

.39 



e 

0.20 
.42 
.45 

.72 
.04 

B 

M 

12.31 
15.32 

Monthly  and  annual  predpiiaHon  at  Ether ^  1899  to  1904- 
[Inches.] 


Year. 


I  ;  1  ■  !  '  I  I  I 

I  Jan.    Feb. ,  Mar.  I  Apr.  May.  June.  July.  Aug.  i  Sept.  Oct.  I  Nov.   Dec. '  Annual. 


I  ■ 


900.. 


2. 95  >  5. 85     a  00  ;  a  89  j  1. 14  I  0. 97 

1.06     1.50  1    .34  '  2.53       .16 

901 2.20  ,  2.20     1.66  1    .31 

9(B 50  I  1.03     1.46  !  1.88 

908 2.17       .07  1  1.95  ' 

9M I2.10    aoo    a48 


I 


I 


1.72 
.49 
.78     1.  42  , 
.96     2.01  I 


I 

1.61  I  2.10 
.251  .31 
.40  2.0c 
.15  .60 
.60  .02 
.29       .88 


0. 15  I  a  20  i  a  85  I  1. 55  I 
1.20  i  1.47     4.42  I    .22 
.  16  >  1. 70  '  1. 40  I  1. 60  ' 
.45       .  45  I  1. 77     1. 04  i 
1.17       .76     1.90  I  1-33 
.16  i  1.22  '    .00     1.91 


I 


14.26 
ia66 
15.29 
10.09 
ia32 
16.74 


Monthly  and  annual  precipitation  at  Thistle,  1899  to  1904- 
[Inches.] 


Ywr, 


Jan,.!  Feb,    Mar,  Apr, 


LflO  I  2.« 


,30 


.47 

I*--* ....' I  2.35 

>*.,,-,„.-....'  LOT  i  2.05 

«^^  I 

*M I  1,90  I  1,55 


1.30'  a  OS 

*00  f  L77 

2.40  '  X\& 

2.00   zn 

1.75 

.90 


May, 


.05 

.35 
l.flO 
2.f*5 


June. 


T. 
O.tO 

.00 
.35 


July,  AuR, 


I 


aio 

At 

.53 

,33 


S 


0.46 

aofi 

.10 


Sept.  Oct.  [  Nov,  I  Dh.    Annual. 


-I- 


,  0.40 


1.00 
.25 
.85 

.oe 

LOO  I 


2.08 
j  .  76  '  1. 80  I  0  30 
'  1.15  ,93  2.00 
I    .41  I  3: 10  I  1.45 


I 


7.10 


.80  1 

.00  '1 


L40  I. 
L50  |. 


ia89 


TEMPERATURE. 

Mean  monthly  and  annual  temperature  at  Salt  Lake  City^  1873  to  1904- 


^nnary.. 
'^bruary. 
l*rch.... 

pm 

i»y 

uly..'.".'.; 


27.9 
33.0 
41.6 
49.5 
57.8 
67.0 
75.5 


August 74. 8 

September 64.3 

October 52.3 

November 39.8 

December 32. 7 

Annual 51. 4 


Mean  monthly  and  annual  temperature  at  Provo,  1890  to  1904- 


'•n^ry.., 
^bruary. 
^rdi 

^1 : 

June 


°F. 
26.6 
29.3 
39.3 
49.1 
58.0 
64.7 
73.2 


August 70. 7 

September 59. 8 

October 48. 7 

Novem bcr 38. 4 

Decern  ber 29. 2 


Annual ^^""^ 


10  UNDERGROUND    WATER    IN    VALLEYS    OF    UTAB, 

M^rti/Uy  nmjdmtini  kmperaiure  ai  SaU  Lake  Citft  1S99  io  1904. 


Ymt. 


1900. 

1 

ISOl .,.,.,..., J 

>» 1 

i9oa.. 1 

IKH 1 

Mrftn 

54 

AT 
hi 

53 


Feb, 
51 

QQ 


fifi 


6A 


Apr,   May, 

m      S3 

79  ,     ss 
7s  '    sa 

BO         Sfi 

78      m 


7B  ' 


I 


June, 

101 
SO 
08 
VI 

m 


Juir-  Aug, 


i7l 

« 

101 

90 

flfi 


Wl 


I 


fippftJ  Ort.  NflT.'DK. 


01  1 

n  i 


73,  03 

TV  m 

S5  m 

SI '  ;d 

77  TB 


flO  I      711  ■, 


Monthly  minimum  temperaiure  at  S<dt  Lake  CUy,  1899  to  1904. 


Yflftf. 

.Jiiii. 

Pflb. 

«.. 

Apr. 

Uaf. 

June. 

July. 

x^. 

Sepl. 

Oct. 

Nuf. 

rw. 

ISW. 

le 

-10 

30 

m 

»5 

34 

SI 

40 

40 

» 

ai 

1 

l^^ 

2D 

10 

^ 

wa 

« 

47 

m 

IS 

n 

IT 

fl 

1 

IWl 

4 

15 

3£ 

u 

43 

« 

m 

50 

m 

m 

3» 

il 

l«B , .,. 

-  4 

12 

n 

33 

3a 

43 

43 

5t 

ss 

39 

21 

U 

I9C3. . 

15 

-  4 

H 

25 

n 

54 

40 

48 

3cr 

» 

IT 

11 

1«M.. ...,..»..,„ ,.. 

7 

0 

10 

do 

aa 

44 

SI 

40 

38 

» 

* 

i 

Mi^jui, ..___„...,. 

11 

10 

21 

7i 

u 

44 

m 

50 

39 

A' 

» 

n 

WIXD  VEIX>CITY- 
,4wni^  »m W  tidoeity  ai  Salt  Lak^  City,  1900  io  190^, 
[MUps  per  hour.] 


yeir. 

Jkti. 

5.2 
40 

5.5 

&3 
&2 
&9 

7,3 

Apr 

7,3 
7.B 

7.3 

7.2  , 

M*y. 

7.a 
r-i 

4^1 

as 

June, 

(15 

at 
a* 

as 

luly. 

Aug. 

S<!pt. 

as 

7.0 

«■' 

03 

ao 

Oct. 

Not. 

Dec 

A«^ 

leoB 

14 

6.0 

4.» 
il 

6,0 
03 
07 
7.2 

as 

a4 

as 
a2 

5.7 

as 

00 

5.7 

a3 

5.4 

ao 

40 

ao 

4  4 

il 

1901 _. 

if 

iwa - 

im.,,. 

1904 

tl 



M^tM 

13 

£.1 

117 

7.3 

G.S 

7.0 

o 

ai 

15 

LB 

a? 

45 

^» 

iTr.MiniTv< 

Mean  relative  humidity  ai  Salt  Lake  City,  1900  /•  1904. 
[Percent.] 


Your. 


Ill  \ 

I  Jan.  I  Feb.    MuT,   Apr.  Hay. 


1900. 
1901. 
1902. 
1903. 
1904. 


7H  1 
09  i 
83  '■ 
73  ' 
75  I 


73 
(\2 
74 
«i2 


Moun . 


.12 

r.4 

54 


£0  ;  41 

42  ,  44 

4ft  43 

44  48 

4i;  4!» 


Juufi. '  July. '  Aug. '  Sflfit. 


-\- 


25  I 
3fi| 
31  I 

3»f  ' 


34 


24 

2!l  '. 
27 

m 
m 


I  I      31 


34 


Oct. 

Not. 

Dw. 

48 

03 

en 

57 

71 

40 

AS 

65 

45 

54 

7fi 

53 

45 

00 

47 

I" 

67 

« 

51 
91 
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KVAPORATION. 

^  of  evaporation  at  Utah  Lake  a  from  August,  1903,  to  August,  1904. 
[Inohes.] 


1903. 


1904. 


8.40 
ft.  78 
3.86 
2.50 
1.50 

1.60 


1904— Continued. 

February 2. 00 

March 3.50 

April 4.63 

May 7.72 

June 8. 80 

July 9. 41 


Total 60.60 


SUMMARY. 


te  of  the  valleys  of  Utaii  Lake  and  Jordan  River  is  controlled  by  their  location 
il  eastern  part  of  the  Great  Basin,  but  is  modified  somewhat  by  the  proximity 


III  1 1 1  i  I  i  I II 1 1  H  1 1 1 II 1 1  l.ll  1 1 

o.  1.— Diagimm  ahowing  variation  of  annual  precipitation  at  Salt  Lake  City. 

1  Great  Salt  Lakes  and  the  Wasatch  Mountains.     The  tables  show  that  the 
haracterized  by  low  annual  pn'cipitation,  moderates  t^'nipiTature,  moderate 
y,  low  relative  humidity,  and  considerable  evaporation. 
finniiRl  prexjipitation  at  Salt  Jjakt^  City  is  10.19  inches,  ranging  U'tween  a  maxi- 

4  inches  in  1875  and  a  niininmm  of  10.33  inches  in  1890.     Since  1900  it  has 

5  inches  below  normal  (fig.  1).     Only  about   18  per  c-ent  of  the  annual  total 

from  daily  measurtMiieiits  of  a  tunk  3  feet  in  diameter.    Tests  were  luade  by  the  engi- 
ake  City  from  1901  to  VMXi,  and  vsincc  then  they  have  l^een  kept  up  by  the  Reclamation 
G.  L.  Swendsen.     See  also  Newell,  F.  U.,  FourteenUi  \im.  ^«<^X.  >3 .  ^.  Q^\.  %mxn^  , 
54. 
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ITNDEROROUND   WATER   IN    VALLEYS    OF   UTAH. 


occurs  from  Juno  to  S(*ptembcr,  and  for  these  four  months  amounts  to  less  Uian  3  inckL  I 
Be  tw(M>n  October  and  May  the  variation  is  not  marked,  but  the  greatest  predpititiai 
occurs  in  March  and  April  (6g.  2).  Tliis  precipitation  is  unusuaUy  hig^  for  the  Grat 
Basin.  The  Wasatch  Mountains  serve  to  condense  the  moisture,  originaDy  derived  in  kip  j 
part  from  the  westerly  winds  from  the  Pacific  Ocean,  that  remains  in  the  air  after  cran; 
the  Sierra  Nevada.  | 

Probably  the  precipitation  is  greater  on  the  summits  than  at  the  stations  where  imdi 
have  been  kept,  but  data  are  not  available. .  Tlie  melting  snow  of  the  winter's  accumul^lliM 
is  the  chief  supply  of  the  streams  of  the  area  under  consideration. 

The  mean  annual  temperature  of  Salt  Lake  City  is  51.4°.  The  mean  monthly  mixinuini 
ranges  from  98°  in  July  to  51°  in  January,  while  the  mean  monthly  minimum  varies  between 
10°  in  Deccmbi>r  and  February  and  50^  in  August. 

The  dryness  of  the  atmosphere  is  indicated  by  the  mean  relative  humidity  of  49  perceat, 
varying  from  28  per  cent  in  July  to  76  per  cent  in  January,  and  by  the  amount  of  evapon- 
tion  from  a  free  water  surface,  which,  according  to  the  latest  measurements,  is  tbout  60 


Jan 

Feb. 

Mar 

Apr 

Mjy 

June 

July 

Aug 

Sept 

Oct. 

1    Hav. 

Dft 

a 

m 

a 

* 

tf 

# 

■ 

B 

1 

1 

0 

1 

,/nc/>^  /.^      /J3       2.03      221        1.62       79        S3        72        ,9S       1.54      AS6       164 
Fio.  2.— Diagram  showing  mean  monthly  precipitation  at  Salt  Lake  City. 


»J9 


incln's  a  year.  Yet  the  climate  is  not  nearly  as  dry  as  in  other  parts  of  the  Great  B»s" 
T\\v  dryness  lessi'ns  the  effect  of  the  summer's  heat,  so  that  the  "sensible  tempcratunc  t 
not  so  p-eat  as  would  be  suggested  by  the  thennometvr,  being  modified  by  the  coA 
eff(»cts  of  evaporation. 

HYDROGRAPHY. 
STHKAMS  THIBUTARY  TO  TTIVVU  l^AKE  AND  JORDAN  RIVER. 

S«*epaj^e  from  surface  stn'ains,  as  sliown  hereaft^'r,  Ls  the  most  important  source  of  supp.^ 
of  underj^nnirul  wat^T  in  the  valleys  of  Utah  Lake  and  Jordan  River.  A  suramtiy  ^ 
discharge  ineasun*inents  therefon*  throws  important  light  on  the  subject  and,  with  otW'' 
data,  furnislus  facts  for  roughly  estimating  the  amount  of  water  available  for  thetnnu* 
n"plernshiiient  of  the  undergn)und  res<TV'()irs.  The  figures  here  given  have  been  comp**^ 
from  n-cords  of  the  Unit<*d  States  Geological  Survey  and  from  data  obtained  through"* 
courtesy  of  the  city  engineer  of  Salt  Lake  City,  and  are  now  published  for  the  first  time. 

Satisfactory  measurements  of  the  flow  of  all  the  8tn*ams  in  the  two  valleys  have  not  be<^ 
made.  However,  records  have  lM'<»n  kept  for  a  numlxT  of  years  of  the  discharge  of  sever* 
of  the  moH'  important,  and  the  combined  data,  >\'ith  due  consideration  for  varying  ^^ 
ditiuns,  may  bo  taken  hs  typical  oi  lV\e  AmmisLgnj  ^^  ^^^  ^Tvlvte  wateiahed.    The  roet^'^ 
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\  made  at  the  mouths  of  the  canyons.  Below  these  pomts,  during  the  irrigation 
(  water  is  diverted  and  conducted  over  the  valley  in  an  intricate  system  of 
tiiat  the  stream  beds  in  their  lower  stretches  are  then  often  dry.  During  the 
D  the  streams  dischaige  directly  into  either  Utah  Lake  or  Jordan  River.  Fol- 
babies  of  monthly  measurements  for  1904,  to  which  annual  summaries  for  several 
dded  where  figures  are  available: 

iiseharge  {at  mouths  of  canyons)  of  streams  tributary  to  Jordan  River  and  Utah 

Lake. 


CITY  CREEK. 
[Drainage  area,  19  square  miles.] 


Total. 

Run-off. 

Mazi- 
mum. 

Mini- 
mum. 

Mean. 

Per 
square 
mile. 

Depth. 

Inchen. 

0.376 

.374 

.510 

1.294 

3.373 

2.301 

1.195 

.813 

.610 

.551 

.499 

Relation 
to  rain- 
fall. 

RainfaU.a 

Sec-feet. 

6.7 

7.9 

11.0 

2&8 

70.1 

67.0 

2&5 

16.3 

11.4 

9.3 

8.7 

9.2 

Sec-feet. 
6.0 
6.0 
7.3 
11.0 
28.8 
2&6 
16.2 
11.5 
9.4 
8.7 
8.2 
7.7 

Sec-feet. 
6.2 
6.6 
8.1 
22.1 
55.6 
39.2 
19.7 

ia4 

10.4 
9.1 
&5 
8.0 

Acre-feet. 

381 

380 

516 

1,315 

3,419 

2,332 

1,211 

824 

619 

609 

506 

492 

Sec-feet. 

0.326 

.347 

.442 

1.160 

2.926 

2.063 

1.037 

.705 

.547 

.479 

.447 

Per  cent. 

20.9 

10.3 
8.6 

66.7 
122.2 
852.2 
202.5 

71.9 
508.3 

46.7 

Inchet. 
1.80 
3.62 
5.92 
1.94 
2.76 

.27 

.59 
1.13 

.12 
1.18 

.00 

.421  1          .485 

53.9 

.90 

70.1 
63.1 
5&2 
72.0 
31.3 
121.9 

6.0 
4.3 
3.6 
5.0 
5.4 

17.2 

lao 

12.3 
12.7 

OR 

12,604 
9,440 
8,910 
9,251 
7  a«u 

.908         12.381 
.685          9.323 
.647  1        8.811 
.6681        9.126 
M7             7.Mt\ 

61.2  1          20.23 
63.1  '          14.77 
69.5            12.67 
53.9            16.94 
.19  «;             1.T4I 

a2          ^  n        14.4Q1          i.a<;.i  1      i4..irM^  1        mi. i           it.ks 

1 

EMIGRATION  CREEK. 
[Drainage  arfa,  19  nquarc  miles.] 


6.3 
.8 
11.7 
12.8 
19.3 
18.1 

4.0 

1.7 

1.1  I 

2.0 

3.2 ; 

.8 
19.3 


I 


0.7 

1.1 

.r. 

.« 

.4 

3.0 

3.7 

H.0 

5.5 

9.5 

4.0 

8.G 

1.0 

2.8 

.6 

1.0 

.6 

.8 

1.1 

1.  2 

1.0 

1.3 

.('. 

.7 

08 

33 
184 
476 
584 
512 
172 

61  i 

48 

74  I 


I 


0.058 
.032 
.158 
.421 
.500 
.453 
.147 
.053 
.042 
.063 
.0<W 
.037 

.KiO 


0.069 
.033 
.182 
.470 
.  576 
.505 
.160 
.061 
.047 
.073 
.076 
.043 

2.  .104 


2.3  I 
3.1  I 
9.2 

45.6 

17.9 
136.5 
120.7 

14.2 
5.3 

13.3 


2.99 
1.08 
1.97 
1.03 
:i.22 
.37 
.14 
.43 
.88 
.55 
1.38 
.73 

14.77 


-dotTBinf all  given  twdorCity.  Emigration,  Parleya,  anAUv\\cT«fcVa\aX\i'feTO»%si^T^v^'^*v.>^.- 
LiUce  atyand  Park  City;  that  under  .Vmerican  Fork  and  Vtovo  ^W^t  V%  \ot  Yt^n^  ^xi^^ 
under  Spanish  Fork  is  for  Provo,  Thistle,  and  Soldiera  BuxomiX. 
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UNDERGROUND    WATER    IN    VALLEYS    OF    UTAH. 


E&timaied  discharge  {at  mouths  of  canyons)  of  streams  tributary  to  Jordan  River  and 

Lake — Continued. 

PARLEYS  CREEK. 

[Drainage  area,  50  square  miles.] 


MILL  CREEK. 
[Drainage  area,  21  square  miles.] 


1904. 

January 

February . . . 

March 

April 

May 

June 

July 

August 

September. . 

Octob<»r 

November. . 
Doeemb<»r. .. 

Year. . 

1903 

1902 

1901 

1900 


13.0 

6.6 

i 
9.9; 

609 

0.471 

0.543 

30.2' 

13.0 

3.7 

9.9  1 

569 

.471 

.508 

14.0 

13.0 

9.3 

11.2' 

(^9 

.480 

.560 

9.4 

25.1 

11.3 

18,8  1 

1,120 

.895 

.999 

51.5 

58.2 

25.1 

41.4  , 

2,rA5 

1.971  , 

2.272 

82.3 

55.9 

29.7 

40.9 

2.434 

1.948  < 

2.173 

804.8 

29.7 

20.8 

2.5.7  ' 

i,r^ 

1.224  ' 

1.411 

239.2 

1(».  8 

13.0 

14.9 

916 

.710 

.819 

72.5 

15.9 

13.0 

15.0 

893 

.714 

.797 

664.2  > 

14.0 

13.0 

13.7  , 

842 

.6.52 

.752 

63.7 

13. 0 

11.3 
1.0 

12.4 

8.6  1 

738 
529 

.590 
.410 

.658 
.473 

11.3 

52.5 

58.2 

1.0 

18.5  ' 

13,4(>4 

.878 

11.965 

59.1 

34.4 

2.9 

12.3 

8,916 

..586 

7.964 

53.9 

39.5 

1.9 

12.1  1 

8,753 

.  575 

7.814 

61.7 

47.4 

1.4 

12.9  1 

9,391 

.615 

8.383 

49.5 

30.8 

1.4, 

11.5  i 

8,296 

.,549 

7.466 

55.7  1 

1          66.0 

1 

2.4  1 

19.6 

14.193 

.932 

1*2.609 

"'1 
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i  dischaiye  {at  mouths  of  canyons)  of  streams  tributary  to  Jordan  River  and  Utah 
Lake — Continued. 

BIO  COTTONWOOD  CREEK. 

[Drainage  area,  48  square  miles.) 


Di8chai*ge. 

Mean. 

Total. 

Run-off. 

at*!. 

Maxi- 
mum. 

Sec-feet. 
27.6 
2^4 
27.7 
142.9 
3B9.7 
309.5 

Mini- 
mum.    1 

Per 
square 
mile. 

Depth. 

Inches. 

0.555 

.525 

.590 

1.640 

5.050 

4.519 

1.499 

.793 

.648 

.632 

.577 

.548 

Relation 

torain- 

faU. 

Rainfall. 

IU2. 

Sec-feet. 

ia6 

17.2' 

20.4 

27.0 

loao 

01   7 

Sec-feet. 
23.1 
24.2 
24.6 
70.4 
210.2 
194.5 
62.2 
33.0 
27.9 
2a3 
24.8 
22.8 

Acre-feet. 
1,421 
1,344 
1,513 
4,189 

.      12,925 
11,574 
3,825 
2,029 
1,661 
1,617 
1,476 
1,402 

Sec-feet. 

0.481 

.504 

.512 

1.470 

4.380 

4.050 

1.300 

.688 

.581 

.548 

.517 

.475 

Percent.     Inches. 

i 

1 

1 

1 

1 

92. 3  1          40. 9 
38.9  1          28.4 
31. 6            25. 2 
29.0  !          21.4 
28. 8            21. 8 
29.3            16.1 

I 

►r 

1 

T 

i 

r 

I 

IT.         

360.7 
407.3 

13.6 
11.3 

62.0 
68.3 

44,976 
49,630 

1.292 
1.422 

17.676 
19.381 

1 

1 

AMERICAN  FORK. 
[Drainage  area,  66  square  miles.] 


9M. 

17 

.!             16 

■!             24 

109 

.'            379 

310 

147 

64 

■!             ^ 

41 

34 
28 

15 
15 
15 
23 
95 
131 
66 
44 
35 
34 
28 
18 

16.1 
15.4 
19.1 
46.0 

2iao 

201.0 
95.3 
52.8 
38.1 
35.9 
30.0 
25.3 

990 

886 

1,174 

2,791 

13,280 

11,960 

5,860 

3,247 

2,267 

2,207 

1,785 

1,556 

0.244 
.233 
.289 
.711 
a27 
3.a5 
1.44 
.800 
.577 
.544 
.454 
.383 

0.281 
.251 
.333 
.793 
3.77 
3.40 
1.66 
.922 
.644 
.627 
..507 
.442 

9.5 
9.2 
63.0 
183.0 
596.0 
488.0 
140.0 
644.0 
45.1 

1.91 

, 

2.64 

a62 

1.26 

2.06 

.67 

.34 

.66 

iT 

.10 
1.30 

>r 

.00 

r 

29.8 

1.48 

ar 

379 

15 

66.0 

48.000 

1.00 

1^.62 

85.0 

16w03 
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Estimated  discharge  (at  mmUhs  of  canyfms)  of  streams  trilnUary  to  Jordan  River  and  Utd 

Lake — Continued. 

PROVO  RIVER. 
[DrainAgG  area,  640  square  miles.] 


Date. 


1904. 

January 

February 

March 

April 

May 

June 

July 

August 

September... 

October 

November . . . 
December 


Year. 


1808. 
18&7. 
1895. 


Dischaige. 

Maxi- 

Mini- 

mum. 

mum. 

Sec-feet. 

Sec-feet. 

290 

196 

861 

253 

667 

331 

680 

353 

2,153 

461 

1,625 

371 

326 

136 

182 

134 

184 

80 

146 

79 

190 

113 

205 

113 

Mean. 

Sec-feet. 
244 
373 
388 
486 
1,145 
1,131 
202 
149 
117 
113 
139 
149 


2,153  i 
1,212  I 
2,600  I 
1,760  I 


79 
146 
225 
192 


«571 
423 


Total. 


Acre-feet. 
15,000 
21,460 
23,860 
28,920 
70,410 
67,300 
12,420 
9,162 
6,962 
6,948 
8,271 
9,162 


279,900 
279,000 
414,000 
306,400 


Run-off. 


Per 
square 
mile. 


I  Depth. 

I 


8ec-feet. 
0.d81 
.583 
.606 
.759 
1.79 
1.77 
.316 
.233 
.183 
.177 
.217 
.233 


.004 
.60 
.80 
.66 


Inches. 
0.430 
.620 
.600 
.847 
2.06 
1.96 
.364 
.260 
.204 
.204 
.242 
.200 


&20 
&19 
12.12 
9.07 


Relation ,  Rainfall. 
to  rain-  I 
fan.     , 


Percent.]  Indtet. 
23  L»l 


24 

19 

67 
100 
347 
107 

41 
204 

15! 


18 


3.62 
L2S 
106 
.S 
.34 
.C6 
.10 
L30 
.00 


1&03 

1&71 

17.76 

«li63 


a  Approximate. 

SPANISH  FORK, 

[Drainage  area,  670  square  miles.] 


1904. 

January 

February 

March 

April ' 

May ' 

June 

July 

August 

September 

OetolKjr 

Novembt^r 

I)«»cerabi»r 

Year 

I 


113 

58 

126 

58 

240 

G3 

229 

110 

415 

230 

255 

111 

121 

80 

92 

67 

75 

65 

G9 

(Vi 

G9 

49 

77 

40 

415 

40 

77.0 
79.1 
85.8 
174.0 
343.0 
102.0 
94.0 
75.8 
f>8.0 
07.8 
01.5 
54.  3 


771 

0.110 

0.134 

8.1 

5.'i0 

.118 

.127 

7.4 

270 

.128 

.148 

4.4 

350 

.260 

.200 

28.0 

090 

.512 

.500 

25.0 

640 

.242 

.270 

41.0 

817 

.141 

.163 

30.0 

661 

.113 

.130 

191 0 

046 

.101 

.113 

13.0 

109 

.101 

.116 

11.0 

000 

.092 
.081 

.102 
.093 

339 

8.7 

1.66 

1.71 

3.36 

1.02 

Z33 
.66 
.43 
.00 
.85 

1.01 
.00 
1.0^ 


112.0  I      81,370 


.167 


2.28 


15.4  , 


14.7^ 


Comparison  of  the  discharge  of  several  streams  shows  marked  diflerences.  For  instance^ 
during  1901  and  1902,  the  only  years  when  complete  mea.surements  of  both  Parleys  and 
Big  Cottonwood  creeks  are  available,  the  discharge  of  Big  Cottonwood  (drainage  area,  48 
square  miles)  averaged  47,308  acre-feet,  while  that  of  Parleys,  with  a  drainage  area  slightly 
greater  (50  square  miles),  averaged  only  13,303  acre-feet.  Again,  during  1904  the  dift- 
charge  of  City  and  Emigration  creeks,  each  having  drainage  areas  of  approximately  19 
square  miles,  amounted,  respectively,  to  12,604  and  2,332  acre-feet.  Prove  and  Spanish 
Fork  rivers  also  affor'  ^a.   The  dramage  area  ol¥Tovo^\N«V5WS^w3fMK»\nil«a^ 
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B  fldi^tly  leas  than  that  of  Spaokh  Fork  (670  square  miles),  yet  the  discharge  of  the 
formeMp  1904  was  more  than  three  times  that  of  the  latter. 

It  win  be  noticed  that  the  flows  of  Spanish  Fork  and  of  Emigration  Creek,  Htreams 
■rlftich  in  the  above  comparisons  figured  poorly^  have  much  in  common,  though  their  drain- 
areas  difl'er  greatly.  The  flow  of  the  two  streams,  expressed  in  second-feet  per  square 
«l  their  drainage  areas,  averaged  0.167  for  Spanish  Fork  and  0.169  for  Emigra- 
i  Creek,  which  may  be  compared  with  an  average  of  0.746  for  City  Creek  and  0.69  for 
Kovo  River.  Tlie  amount  of  discharge,  expressed  in  depth  of  inches,  over  the  watershed  is 
2.28  for  Spanish  Fork  2.30  for  Emigration  Creek,  and  10.33  for  City  Creek.  The  run-off  is 
ttf^roximately  15  per  cent  of  the  precipitation  for  Spanish  Fork  and  Emigration  Creek, 
mnd  about  63  per  cent  for  City  Creek. 

Tliese  and  other  discrepancies  are  due  to  a  complex  set  of  causes,  chief  of  which  are  differ- 
eooes  in  precipitation,  topography,  vegetation,  soils,  and  roclcs  of  the  several  drainage  areas, 
•nd  the  care  that  is  taken  to  prevent  fires,  grazing,  and  destruction  of  timber  on  the  water- 
flheds.  Tliough  in  general  the  main  streams  in  the  Wasatch  Mountains  have  many  features 
in  common,  the  valleys  of  some  of  them  are  narrow  and  steep,  while  those  of  others  are 
broader  and  more  open.  Some  valleys  are  better  adapted  than  others,  by  configuration 
and  position,  to  collect  and  keep  snow.  Some  of  the  streams  head  in  lakes,  while  others  do 
not.  All  are  poorly  clothed  with  trees,  but  some  are  less  fortunate  in  this  respect  than  others. 
Ilie  soil  covering  in  general  is  thin,  particularly  on  the  steep  slopes  and  in  areas  where  the 
Absence  of  much  vegetation  allows  the  products  of  rock  disintegration  to  be  washed  into  the 
▼alleys.  But  where  the  slopes  are  comparatively  gentle  and  vegetation  protects  the  accu- 
mulated rock  d^ris,  more  of  the  precipitation  Is  absorbed  and  (escaping  flood  discharge) 
seeps  slowly  into  the  valleys  to  maintain  the  perennial  flow  of  the  streams.  Differences 
in  the  porosity  of  the  bed  rocks  and  in  the  character  and  quantity  of  debris  in  the  stream 
beds,  whereby  greater  or  less  amounts  of  water  are  al)sorbed,  also  greatly  influence  the 

amount  of  run-off. 

UTAH  LAKE. 

Utah  Lake  is  fed  from  several  sources,  including  surface  streams,  seepage,  springs  lieneath 
the  lake,  and  the  precipitation  that  falls  upon  it.     The  measurable  factors  were  determined 
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for  the  period  August  190:),  to  August,  1904,  under  the  direction  of  G.  L.  Swendsen,o  of  the 
United  States  Roclamat  ion  Sor\'ice,  who  found  that  of  the  total  supply  of  6D4,01|^  arrr- 
feet  only  471,140  were  contribut-ed  by  rainfall  on  the  lake  and  by  the  measurable  surface 
streams,  leaving  an  unmeasured  supply  of  132,^0  acre-feet.  Tliis  considerable  amount 
appears  to  be  contributed  by  seepage  and  by  springs,  some  of  which  have  recently  bem 
found  in  the  northwest^^ni  part  of  the  lake. 

The  surface  of  the  lake  is  subject  to  considerable  variation  in  elevation  in  ooosequence 
of  the  changing  relations  of  evaporation,  precipitation,  inflow,  and  outflow.  Fig.  3,  pn>- 
pared  by  the  Heclamation  Ser\'ice,  shows  fluctuations  of  the  surface  from  1880  to  19D4. 

There  is  a  seasonal  variation  of  1  to  4  feet,  ranging  from  a  minifniim  in  the  kite  £dl  to  i 
maximum  in  late  spring  and  early  summer.  The  diagram  also  shows  the  vaiiatioD  id 
the  mean  level  of  the  lake.  The  lowest  elevation  shown  occiured  in  1903,  when  the  hkf 
was  about  half  a  f(X)t  lower  than  it  was  in  1889.  Following  1889  was  a  period  of  ten  jws 
of  relatively  high  water.  ■ 

JORDAN  RIVBB. 

During  the  last  few  years  anomalous  conditions  have  existed  at  the  outlet  of  Utah  Lab. 
The  water  level  of  the  lake  has  fallen  so  low  that  the  normal  flow  has  ceased,  and  in  order  to 
supply  the  canals  in  Jordan  Valley  it  has  l)een  necessary  to  resort  to  pumping.  Accord- 
ingly a  pumping  plant  has  l)e(m  in  operation  at  the  head  of  Jordan  River  since  August,  19Q2. 
(PI.  IV,  A.) 

Tlie  following  table  of  discharges  has  Ix^en  prepared  by  Mr.  J.  Fewson  Smith,  jr.,  wat^r 
commissioner: 

Discharge  of  Jordan  River  ar^  the  canaJ  nysUms  in  Jordan  Narrows,  and  of  Jar^itm  Rtwal 
jmmping  pfani,  April  to  October,  190^. 

[Acro-feet.l 


Month. 


1004. 


I    North 
Jordan. 


April. 

May I  <.M13 

Juno '  2,070 

July ;  .H,:«4 

August 3,2^3 

Sej)t*ni  \wT 2,Wfl 

Oc'totxT ;  7r>3 


Kant 
Jordan. 


f.50 
3,03(i 
5,701 

r),:«io 
.'v,  \m 

5,280 
1,920 


City 


South 
Jordan. 


4.'>2  I 

3,190  ; 

3,090  . 
1.373  1 


C47  ; 

r>,u'.7  ' 

(i,r>48  ! 

5,407  I 
5,031 
5.357 

2,134  : 


Total . 


I 


13, 9W)         27,142 


0,100  '      30.301 


ruh  and 
Salt 
I^ke. 

Jordan 

River  at 

weir. 

720 
4,150 
7,878 
0,719 
7,110 
7.092 
3,367 

75 
2,011 
4,225 
3,804 
3,668 
2,767 
310 

2,002 
16,82S 
27,874 
27,072 
27,318 
25,431 

8;88l 

223 
18.W0 
36.110 
35.210 

8,*a 

37,936 

17,850 

136,308 

123,0*^ 

«  Figures  fumlshi'd  !)y  fJ.  L.  Swondson. 

From  these  figures  it  appears  that  the  gain  in  the  flow  of  Jordan  River  between  the  pumf^ 
ing  plant  and  the  intakc>  of  the  canals  in  Joninn  Narrows,  a  distance  of  about  13  miles,  Apr^ 
to  OotolHT,  1904,  was  ll,.'i4S  acre-feet.  The  gain  is  partly  supplied  by  seepage  and  part^- 
by  the  flow  of  wells  and  springs.  Between  Jordan  Narrows  and  the  head  of  North  Jorda.  ^ 
canal,  a  distance  of  alxmt  9  miles.  Mr.  J.  Fewson  Smith,  jr.,  found  that  the  seepage  into  Jor^ 
dan  River  l)etween  May  and  S<?pteml)er,  1904,  amounted  to  13,789  acre-feet. 


oThf  writrr  ucknowlodgos  his  indebtedness  to  Mr.  .'^wendsen  formany  eourt«8iefl  extended, both  1^ 
the  field  and  oflltv,  during  the  profufutlon  <»f  the  work. 
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WATER-SUPPLY    PAPER   NO.   167      PL.  IV 


A.     GATE  AT   HEAD   OF  JORDAN    RIVER, 


M      DEAD   MAN'S    FALLS,   COTTONWOOD   CA.UVOU. 
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3  systematic  data  haye  been  collected  below  the  head  of  North  Jordan  canal,  but  in 
»mber,  1904,  the  following  measurements  were  made  by  Mr.  Caleb  Tanner  and  the 

pr: 

harge  of  Jordan  River  and  trUmiaries  ietWeen  Little  Cottontoood  Creek  and  the  ford,  in 
tee,  4,  T,  1  N.,  R.  1  F.,  December  0-7,  J904. 

Second-feet. 

tan  River  above  mouth  of  Little  Cottonwood  Creek 61 .  38 

le  Cottonwood  Creek 8. 14 

me  at  Taylorville  roller  mill 39.0 

Cottonwood  Creek SI. 2 

±  south  of  MUl  Creek 2.12 

Creek 23.94 

A.  outlet  of  Decker  Lake 2. 93 

leys  Creek,  north  and  south  ditches 8. 78 

bth  South  street  ditch C.  09 

Total 203.58 

ian  River  l)elow  North  Temple  Street  Bridge 190.22  190.22 

1^)88  between  mouth  of  Little  Cottonwood  Creek  and  North  Temple  street 13. 36 

let  of  Hot  Springs  Lake 7. 64 

er  ditch  (estimate) 7.50 

ian  River  at  ford,  sec.  4,  T.  1  N.,  R.  1  W 214.00 

ToUl 2a'S.3rt  205.36 

Gain  between  North  Temple  Street  Bridge  and  ford 8.64 

MSB  in  the  flow  of  Jordan  River,  instead  of  expected  gain,  is  thus  shown  between  the 
uth  of  Little  Cottonwood  Creek  and  North  Temple  Street  Bridge  at  the  time  the  measure^ 
nt8  were  made,  while  a  slight  gain  is  shown  between  the  bridge  and  the  ford  in  sec.  4,  T. 
.,  R.  1  W.  It  appears  that  the  seepage  drains  into  the  tributaries  rather  than  directly  into 
dan  River  in  the  area  where  the  tributary  streams  are  numerous  and  that  farther  north, 
ere  there  are  fewer  tributaries,  a  small  amount  of  seepage  drains  directly  into  the  river, 
w  far  these  flgares  represent  conditions  the  year  round  remains  to  l>e  determined. 

(JRKAT  SAI..T  T^AKE. 

itcept  during  a  lapse  from  1893  to  1896,  instrumental  rworda  of  the  surface  fluctua- 
I  of  Great  Salt  Lake  have  been  kept  since  1875,  and  there  is  evidence  less  exact  dating 
k  to  the  survey  of  the  lake  by  Stansbury  in  1849-5().  When  that  survey  was  made  the 
*1  of  the  lake  was  extremely  low,  and  since  then  it  has  varied  considerably.  In  1869 
water  surface  was  approximately  11  feet  higher  than  it  was  in  1850;  a  comparatively 
stage  was  reached  in  1873,  after  which  the  lake  rose  about  4  feet  to  a  maximum  in 
6,  about  equal  to  that  attained  in  1869.  In  1883  the  lake  was  al)out  7  feet  l)elow  the 
siraum;  then  it  rose  4  feet  until  1886,  since  when  it  has  gradually  fallen  until  now  it  Is 
in  extremely  low  stage,  about  15  fet»t  lower  than  the  maxima  of  1869  and  1876.  Fig. 
lustrates  the  changes  since  1875. 

besides  the  irregular  fluctuations  there  is  a  regular  annual  variation  ranging  between  1 
I  2  feet,  the  maximum  ocx;urring  in  June  and  the  mhiimum  in  the  winter  This  annual 
iation  is  due  to  the  changing  relations  of  precipitation,  inflow,  and  evaporation,  high 
ter  occurring  after  the  spring  floods,  and  low  water  during  the  season  of  feeble  stream  dls- 
irge  and  after  the  period  of  excessive  evaporation.  The  irregular  variation  of  the 
it  can  be  accounted  for  chiefly  by  changes  in  rainfall,  the  earlier  maxima  Ix^ing  associ- 
d  with  unusually  large  amounts  of  precipitation.  The  gradual  decrease  of  late  years 
the  volume  of  the  lake,  after  allowing  for  recent  dry  seaaoi\s\,  va  «^^«ixexv>\^  ^Vkfc  \ft 
gply  increased  irrigatioD,  by  which  the  inflow  of    surface  »itea.itta  >\«&  Vj^wdl  cVwrVsA. 
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through  diversion  into  ditches.    Because  of  the  considerable  evaporation  and  tnnsptn- 
tion  incident  to  such  use  of  the  water,  only  a  small  per  cent  of  the  run-off  reaches  the 
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lake,  and  with  the  spread  of  irrigation  it  may  be  expect-ed  that  this  cause  will  increasing!, 
tend  to  keep  the  lake  level  at  a  low  stage. 
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UNDERGROUND  WATER. 

GENERAIi  CONDITIONS. 

80UR0B. 

ground  water  supply  in  the  valleys  of  Utah  Lake  and  Jordan  River,  as  is  weU 
aintained  by  the  snow  and  rain  that  fall  on  their  drainage  areas.  In  consid- 
irces  of  the  supply,  the  precipitation  tributary  to  Utah  Lake  and  Jordan  River 
^ntly  be  divided  mto  that  on  the  mountains  and  that  on  the  main  valley, 
n  stated  that  the  actual  precipitation  in  the  mountains  probably  exceeds  the 
vn  by  the  recorded  data.  Moreover,  neither  the  rainfall  nor  the  snowfall  is 
buted.  The  precipitation  is  greater  in  the  northern  than  in  the  southern  half 
mder  consideration,  and  in  contiguous  localities  there  are  differences  due  to 
graphic  conditions.  More  precipitation  is  likely  to  occur  in  the  vicinity  of  the 
,  and  in  the  mountain  recesses  that  are  well  protected  from  the  sun  large  quan- 
7  linger  long  after  the  general  mantle  has  disappeared. 

il  precipitation  on  the  mountains,  part  is  evaporated,  part  joins  the  run-off,  and 
3  underground  water.  Evaporation  occurs  either  directly — from  snow,  from 
e  of  water,  and  from  water  contained  in  soils  and  brought  to  the  surface  by 
ion — or  indirectly  by  transpiration  through  the  growth  of  plants.  Of  the  por- 
)ins  the  run-off  part  runs  directly  out  of  the  mountains,  part  flows  to  small 
head  of  Big  Cottonwood  Creek  and  Provo  River,  and  part  is  absorbed  by  the 
3  over  which  the  streams  flow  and  joins  the  subterranean  store.  A  final  portion 
itation  on  the  mountains  becomes  underground  water  directly  by  absorption 
?e  on  which  the  rainfall  occurs.  Part  of  this  underground  watef  reaches  the 
I  by  capillary  action  in  the  soils  and  by  the  life  activity  of  plants  and  is  finally 
another  part  after  remaining  underground  a  shorter  or  longer  time  reaches 
^in  by  springs  and  seepage,  and,  joining  the  run-off  little  by  little,  maintains  the 
?  of  the  streams;  another  part  joins  the  more  permanent  supply  of  underground 

impossible,  because  of  the  complexity  of  the  subject  and  the  lack  of  data,  to 
lount  of  water  which  annually  replenishes   this   more  permanent  supply  of 

water,  but  the  quantity  is  equivalent  to  the  precipitation  minus  the  run-off 
mt  evaporated.  From  the  incomplete  facts  at  hand  it  appears  that  the  run-off, 
the  mouths  of  the  c^tnyons,  although  varying  greatly,  approximates  50  per  cent 
itation,  but  the  total  evaporation  is  unknown.     Although  exact  figures  repre- 

amount  evaporated  can  not  be  obtained,  yet  experiments  on  evaporation  from 
.nd  vegetation  in  the  mountain  areas  would  afford  valuable  data, 
it  of  precipitation  in  the  valley  is  better  known,  and  the  figures  for  Salt  Lake 
vo  are  typical.     Here,  as  in  the  mountains,  part  of  the  precipitation  joins  the 

is  evaporated,  and  part  becomes  underground  water;  but  there  are  practi- 
isurements  of  these  different  quantities.  Direct  run-off  of  the  precipitation 
'  is  comparatively  small,  owing  to  the  open  nature  of  the  country  and  to  the 
great  accumulations  of  snow  occur,  and  the  seepage  run-off  probably  consti- 
kin  amount.  Evaporation  from  soils  and  vegetation  dissipates  probably  the 
if  the  rain  that  falls  on  the  valley,  especially  during  the  summer.  The  increase 
permanent  underground  water  supply  due  to  the  rainfall  on  the  valley  is  con- 
lall.  A  basis  for  judgment  is  furnished  by  comparing  the  condition  of  the 
ad  west  of  Jordan  River.  Precipitation  is  perhaps  slightly  less  in  the  western 
Jley,  but  the  difference  is  not  enough  to  cause  the  marked  contrast.  The  scaro- 
1  water  within  easy  reach  of  the  surface  in  the  western  part  of  the  valley,  com- 
le  abundance  easily  accessible  in  the  eastern  part,  implies  that  the  rainfall  on 
Qtributes  a  proportionally  small  amount  to  the  store  of  underground  water, 
ditions  are  due  to  the  fact  that  on  the  west  only  a  few  feeble  and  generally 
streams  are  tributary  to  the  valley,  whereas  on  iVie  e«fl\.  «».  TiMTcXsfex  oW^xsg^ 
earns  Bow  from  the  VTasatch  Mountains,  suppVying  "waX^t  Ocl^X  \a  ^aa\r^>aX«^ 
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over  the  valley  by  canals.  Seepage  from  these  streams  is  the  main  source  of  undergr 
supply  in  the  valleys.     * 

The  amount  of  water  contributed  to  the  valleys  by  streams  from  the  Wasatch  Mour 
is  capable  of  rough  numerical  statement.  The  drainage  area  in  these  mountains  trib 
to  Jordan  Valley  is  approximately  220  square  miles,  and  measurements  of  live  creeks  ii 
region,  given  in  the  section  devoted  to  hydrography,  show  an  average  flow  of  0.66  se 
foot  per  square  mile  of  watershed.  This  amount  is  equivalent  to  a  stream  dischargii 
second-feet,  or  a  total  amount  approximating  105,000  acre-feet  a  year.  The  aven 
measurements  of  Provo  River  and  Spanish  Fork  in  Utah  Lake  Valley  gives  a  flow  o 
second-foot  per  square  mile  of  drainage  area,  which,  assuming  the  flow  to  be  derived 
rainfall  on  a  watershed  of  about  1,670  square  miles,  is  equivalent  to  a  stream  dischargi] 
second-feet,  amounting  to  520,000  acre-feet  a  year. 

Of  this  amount  of  water  annually  contributed  by  streams  to  the  valleys  of  Utah 
and  Jordan  River,  part  permanently  runs  off  and  is  added  to  the  supply  of  Great  Salt 
by  Jordan  River.  This  quantity  has  not  yet  been  systematically  measured,  but  it  i 
mated  to  average  about  200  second-feet.  The  residue  either  evaporates,  directly  am 
rectly,  or  becx)mes  undei^ground  water.  Unfortunately,  no  figures  are  available  wl 
the  amount  lost  by  evaporation  can  be  estimated,  so  that  the  annual  replenishment 
underground  supply  is  unknown.  Only  the  crude  statement  can  now  be  made  that, 
presence  of  influences  sufficient  to  cause  an  evaporation  of  60  inches  a  year  from  a  fr» 
of  water,  the  amount  which  is  not  thus  lost  from  a  supply  of  somewhat  more  the 
second-feet  joins  the  underground  store. 

Seepage  measurements  which  have  been  made  at  different  times  in  both  valleys 
creeks  and  ditches  offer  concrete  demonstrations  of  the  manner  in  which  the  undei|; 
supply  is  maintained.  Only  a  few  such  measurements  have  been  made  in  Utah  Lake  ^ 
but  it  has  been  shown  that  in  1}  miles  the  Timpanogas  canal  lost  slightly  more  than ! 
cent  of  the  water  taken  in  at  its  head.a  Another  set  of  measurements  has  been  ma 
Provo  River.  The  discharge  a  short  distance  alx)ve  the  mouth  of  the  canyon  whs  foi 
be  175.04  second-feet ;  at  a  station  a  mile  west  of  Provo  the  river  was  dry,  whi 
sum  of  several  intermediate  diversions  amounted  to  186.22  s^cond-fcet.  Thediffere 
11.18  second-feet — represents  the  return  seepage  from  the  vaiious  canals. 6  In  the  v 
of  creeks  tributary  to  Jordan  River  more  mea.<?urcments  have  Ijeen  made,  of  which  th 
Big  Cottonwood  and  Mill  valleys  are  typical.  In  Big  Cottonwood  Creek  Valley  Mr. 
Morgan  selected  for  measurement  two  sect  ions  of  the  creek  on  which  different  conditions 
In  the  upper  section,  immediately  below  the  mouth  of  the  canyon,  the  bed  of  the  s 
is  composed  of  large  loose  bowlders  resting  on  coarse  gravel,  and  the  land  on  either  i 
covered  with  comparatively  scanty  vegetation.  In  the  lower  section,  below  the  h* 
Green  ditch,  the  bed  of  the  creek  Ls  comparatively  smooth,  and  the  land  on  both  sides 
gated  and  covered  with  abundant  vegetation  The  loss  in  the  first  section,  in  a  dista 
2)  miles,  was  7.36  second-feet,  a  percentage  of  22  6,  while  in  the  second  section,  a 
miles  long,  the  loss  was  only  0.30  second-feet,  a  percentage  of  2.4.c  In  Mill  Creek  ^ 
Mr.  Morgan  also  made  measurements  in  two  sections  where  different  conditions  exis 
one  section,  2  miles  long,  ho  found  a  loss  of  22.7  per  cent;  in  the  other,  three-quartei 
mile  long,  he  found  a  l(x<w  of  3.6  per  cent.d 

While  seepage  from  the  flow  of  the  creeks  and  canals  furnishes  the  chief  supply  of  i 
ground  water  to  the  valleys  of  Utah  Lake  and  Jordan  River,  other  sourees  are  the  und 
of  the  creeks  at  the  mouths  of  the  canyons,  springs  from  l)ed  rotk,  seepage  at  the  b 
the  mountains,  and  the  small  addit  ion,  already  mentioned,  derived  from  rainfall  on  the  i 
The  underflow  of  the  creeks  at  the  mouths  of  the  canyons  is  an  important  source,  bi 
amount  thus  contributed  Is  unknown.  The  quantity  equals  the  remainder  aft^r  sub 
ing  tlie  yum  of  mn-olf  and  evaporation  from  the  precipitation,  of  which  factors  on 
run-oir  Is  pstahlislied,  the  precipitation  iH'ing  only  approximately  and  the  evaporatic 
at  all  known.     The  amount  of  the  underflow  can  l)e  directly  determined,  however,  by  a 

a  Bull.  U.  S.  Dcpt.  Agrie.  No.  124,  OHiw  Expl.  Stations.  10()3,  p.  123. 
fclbld..p.  126. 

c  Morgan,  E.  R.,  Irrigation  in  Mountain  water  district.  Salt  Lake  County,  Utah:  Bull.  U.  S. 
Agric.  No.  i:i3.  O/Iice  Expt.  Stations,  1903,  pp.  eiy-G\. 
tflbid.,  pp.  44-45. 
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WELL  SECTIONS. 

f^o.  1,  Oregon  Short  Lmm  well  at  Kaysville;   No.  2.  Southern  Pacific  Company*  >w*\\  %\SVxor.^%Vov^\\ 
No$.  3-24,  location  shown  on  PU  V\\  «nd>«\U. 


SOURCE    AND    DISTRIBUTION.  ^6 

measuremcfits  which  should  be  made  in  estimating  the  feasibility  of  constructing  sub- 
rface  dams.  The  amount  of  water  contributed  to  the  valleys  from  bed-rock  sources  is 
K>  important.  A  remarkable  series  of  thermal  springs  is  associated  with  the  great  fault 
the  western  base  of  the  Wasatch  Mountains.  These  occur  at  intervals  along  the  entire 
tent  of  the  range,  and  other  warm  springs,  whic-h  may  also  be  connected  with  faults,  are 
rated  within  the  area  under  consideration.  Association  with  faults  suggests  a  deep- 
ited  origin,  which  accounts  for  the  high  temperature  of  the  water.  The  last  source  of  the 
Hey  water  supply  to  be  mentioned  is  the  comparatively  small  amount  which  is  derived 
'  seepage  from  the  base  of  the  mountains  from  areas  that  are  not  drained  by  creeks. 

BISTBIBUTIOH  07  WDVRQB.OWD  WATSB. 

From  the  outline  of  the  geology  given  on  pages  7-13  it  will  be  seen  that  the  valleys  of  Utah 
ike  and  Jordan  Rirer  an^  occupied  by  a  considerable  but  unknown  thickness  of  gravel , 
nd,  and  clay  derived  from  the  disintegration  of  the  adjacent  mountains  and  deposited  in 
e  volloy  under  alternating  subaerial  and  lacustrine  conditions.  In  general,  the  deposits 
e  arranged  in  broad,  sheet-like  accumulations,  the  coarser-textured  materials  abounding 
Ijaceot  to  the  highlands  and  the  finer  debris  preponderating  farther  out.  The  beds  lie 
acticAlly  flat  in  the  center  of  the  basins,  but  arc  inclined  slightly  away  from  their  source, 
e  attitude  of  deposition  being  practically  unaltered.  Conditions  of  deposition,  however, 
iTe  so  va!Ked  that  over  large  parts  of  the  area  considered  the  deposits  are  not  widely 
liforra.  For  instance,  while  clay  was  being  laid  down  in  one  place  sand  was  accumulating 
an  adjacent  area  and  at  their  border  the  two  deposits  were  merged.  Consequently  the 
rangement  of  the  beds  is  broadly  lenticular,  as  is  illustrated  by  the  well  records  (PI.  V). 
o  t^o  records  arc  exactly  alike,  and  in  most  cases  it  is  impossible  to  correlate  deposits 
the  diflferent  sections.  Beds  of  clay  are  most  widely  distributed,  but  the  more  localized 
cumulations  of  sand  and  gravel,  which  are  the  most  important  reservoirs  of  underground 
ater,  are  irregularly  distributed. 

Underground  water  derived  from  the  sources  stated  above  occupies  the  spaces  between 
le  solid  particles  of  the  clay,  sand,  and  gravel  which  constitute  the  valley  filling.  In 
'ncral,  these  deposits  are  saturated  below  the  horizon  which  marks  the  surface  of  ground 
ater.  The  position  of  this  surface  varies,  depending  on  the  supply,  on  the  amount  used 
'  the  intensity  of  evaporation,  and  on  the  character  and  slope  of  the  sediments.  The  water 
iiieldom  stagnant,  but  tends  to  flow  with  extreme  slownass  from  a  higher  to  a  lower  level, 
le  chief  factors  in  the  movement  being  the  number  and  size  of  the  interstitial  spaces  in 
«e  deposits  and  the  pressure  gradient  due  to  gravity.  The  highest  velocity  of  ground 
ater  ever  determined  is  about  100  feet  in  twenty-four  hours,  but  the  ordinary  velocity  is 
Uf-h  less  than  this,  common  rates  in  sand  being  between  2  and  .50  feet  a  day. 
The  fluctuation  of  the  surface  of  ground  water  is  considerable.  Since  the  chief  replen- 
hinent  of  the  supply  occurs  when  the  creeks  discharge  the  mort  and  when  the  irrigation 
'^naLs  are  in  full  operation,  ground  water  occurs  nearer  the  surface  in  summer  than  in 
inter.  Conditions  in  different  areas  cause  a  varied  annual  range,  hut  10  feet  is  common 
f^d  15  feet  is  not  infrequent.  In  addition  to  the  annual  fluctuation  a  cumulative  change 
in  progress,  the  ground-water  surface  being  gradually  raised  in  the  lower  parts  of  the 
*lley  in  consequence  of  irrigation  and  the  custom  of  allowing  artesian  wells  to  flow  unceas- 
*ply,  leading  to  swampy  conditions  in  the  valley  bottom.  Details  regarding  these  changes 
'^  given  on  subsequent  pages. 

PI.  VI  illustrates  the  approximate  average  depths  at  which  ground  water  occurs  in  the 
*Ilpys  of  Utah  Lake  and  Jordan  River.  The  boundaries  between  the  different  areas 
Uf^tuate  and  can  not  accurately  \ye  determined.  A  narrow  belt  contiguous  to  the  base  of 
^  mountains  is  left  blank  on  the  map  because  of  the  varying  and  often  unknown  condi- 
^^  that  exist  there,  owing  to  seepage  and  the  irregular  distribution  of  water  in  the 
^jacent  bed  rocks.  In  the  absence  of  topographic  maps  the  position  of  the  water  table 
^  not  be  shown  by  contours. 

^low  the  surface!  of  ground  water  the  saturated  beds  contain  varj'ing  amounts,  depend- 
S  ^n  the  character  of  the  dcpMwits.     Coarse-textured  gravel  and  sand,  having  a  greater 
"^iiy  than  fine-textured  clay,  hold  and  transmit  relatively  more  water.     Beds  of  sand 
'^  gravel  therefore  constitute  the  chief  underground  TesoT\o\TO.    t^^vi^X '^W'^Vt^nawcn^  ^ 
^fiistributioD  ofa&nd  and  gravel  are  shown  in  PI.  V .     lu  a\ivV\TV^7Jfe\\&  \tv\>xva  x^^wv^XjrAs 
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of  sand  and  gravel,  ranging  from  a  few  inches  to  a  hundred  feet  or  more  and  separated  by 
varying  thicknesses  of  clay,  are  encountered,  water  being  commonly  found  in  each  porous 
deposit.  Because  of  the  prevailing  inclination  of  the  deposits  away  from  the  mountains, 
and  of  the  presence  of  relatively  impervious  beds  of  clay  above  more  porous  sand  and 
gravel,  the  contained  water  is  under  pressure.  In  the  lowland  areas  this  pressure  is  suffi- 
cient to  cause  the  deep-seated  water,  when  it  is  reached  in  a  well,  to  rise  and  flow  at  the 
surface,  and  consequently  artesian  water  is  an  important  source  of  supply.  Above  the 
lowlands,  where  the  surface  elevation  is  too  great  for  a  flow  to  occur  at  the  surface,  the 
water  rises  in  deep  wells  to  a  greacer  or  less  height  according  to  the  amount  of  pressure. 

VUAIJTY  07  UVSXKOROUHB  VAZXR. 

Tlie  accompanying  analyses,  gathered  from  a  number  of  sources  and  reduced  to  common 
terms,  illustrate  the  character  of  the  water  in  the  valleys  of  Utah  Lake  and  Jordan  River. 

Amdysea  of  waler  from,  streams  and  springs  in  valleys  cf  Utah  Lake  and  Jordan  Riverfi 
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o  Authorities.— N08. 1-5,  17,  19,  Kingsbury.  J.  T.    Nos.  0-14,  Soil  survey  of  the  Provo  area,  Ut**w 
Bureau  of  Soils  V.  S.  DcrA.  Aerio..  1904.  n.  '22.    Nos.  15.  20.  and  21.  Cameron.  F.  K.   Water  of  Vt^Z^ 
Lake:  Jour 
18,  HiggB, 


rHORiTiES.— Txos.  1-0,  1/,  iH,  luugsDury,  j.  i.  r^os.  o-n,  «ou  survey  oi  ine  irovo  area,  «^"''^i» 
1  of  Soils  U.S.  Dcpt.  Agric.  1904,  p.  22.  Nos.  15,  20.  and  21.  Cameron,  F.  K.  Water  of  I'^ST 
Jour.  Am.  ('hem.  Soc.,  vol.  .37,  No.  2,  IQa^.  No.  Ifi,  ibid..  Kept.  No.  64  U.  8.  Dept.  Agric  N^' 
r»,Jl.B.,BuJJ.  U.S.  Oeol.  Survey  No.  42,1887,p.\4&.    l^o.'Ki^CXw^Kft^Y,^,  No,2l,Brown,R. '^ 
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lie  average  of  analyses  of  12  streams  a  coming  from  the  Wasatch  Mountains  shows  a 
il  solid  content  of  319  parts  per  million,  ranging  from  122  to  536,  the  varying  character 
he  water  being  duo  to  differences  in  the  rocks  of  the  respective  watersheds.  Examina- 
1  of  these  analyses  shows  that  calcium  is  usuaUy  the  most  abundant  base,  with  magne- 
n  a  poor  second,  while  sodium  and  potassium  generaUy  are  much  less  plentiful  and 
7  in  relative  amounts.  Among  the  acid  radicals,  carbonic  commonly  preponderates, 
Qg  often  several  times  more  abundant  than  the  others;  sulphuric  ranks  next,  and  in  a 
'  streams  is  important,  while  chlorine  is  generally  of  minor  occurrence.  Little  Cotton- 
od  Creek  ranks  first,  having  only  121.8  parts  per  million  of  dissolved  solids.    It  flows 

most  of  its  course  through,  granitic  rock  and  therefore  contains  but  little  calcium  car- 
late.  Hie  total  solids  in  Big  Cottonwood  Creek  water  are  also  low  and  relatively  little 
le  is  present  because  a  large  part  of  the  drainage  is  over  silicious  rocks.  The  great 
indance  of  limestone  on  most  of  the  watersheds  accounts  for  the  abundance  of  calcium 
i)onate.  Red  Butte,  Emigration,  and  Parleys  creeks  make  a  relatively  poor  showing, 
)  sulphates  being  especially  abundant,  because  these  streams  flow  over  Permo-Carbon- 
xnis  and  Mesozoic  rocks  containing  more  or  less  gypeiferous  matter.  Provo  River  and 
inish  Fork  drain  large  areas  occupied  by  a  variety  of  rocks,  among  which  limestone  is 
iminent,  and  the  analyses  show  rather  high  amounts  of  total  solids,  the  carbonates 
og  particularly  abundant.  Currant  and  Warm  creeks  are  exceptional.  Hie  unusual 
ount  of  sodium  chloride  present  in  Currant  Creek  is  derived  from  salt  deposits  above 
phi.  Warm  Creek  rises  in  the  springs  west  of  Goshen,  and  the  character  of  its  water, 
3  that  of  similar  springs  in  this  area,  is  due  to  unusual  conditions, 
[he  few  analyses  of  the  thermal  springs  in  the  area  imder  consideration  show  the  presence 
abundant  dissolved  salts,  of  which  the  chlorides  are  the  most  plentiful,  though  consid- 
ble  quantities  of  sulphates  and  carbonates  are  also  present.  Sodium  is  several  times 
TO  abundant  than  any  other  base,  calcium  ranks  second,  and  magnesium  and  potassium 

present  in  small  amounts.  Some  of  the  hot  springs  contain  considerable  hydrogen 
phide.  Most,  if  not  all,  of  these  springs  are  associated  with  faults  and  have  a  deep- 
ted  origin,  to  which  their  temperature  and  composition  are  due.  The  mineral  matter 
leached  ^t>m  the  deposits  through  which  the  waters  pass,  much  of  the  salt  content 
ng  probably  derived  from  old  lake  beds. 

Analyses  of  water  from  flowing  wells  are  similar  to  those  of  surface  streams.  Different 
Us  give  different  results,  the  quality  of  the  water  varying  with  the  source  and  the  nature 
the  deposits  passed  through  undergroimd.  Analyses  from  the  "Murray"  and  "Grer- 
nia"  wells  show  an  unusually  small  content  of  total  solids,  while  those  from  the  wells 
the  Utah  Sugar  Company  at  Lehi  and  near  Provo  show  amounts  above  the  average. 

the  area  contiguous  to  Great  Salt  Lake  the  well  water  contains  considerable  salt,  but 

analyses  were  obtained.  In  general  the  water  from  flowing  wells  is  of  admirable 
ality  and  often  forms  a  marked  contrast  to  the  supply  from  shallow  wells. 


a  Omitting  Currant  and  Warm  creeks,  which  arc  exceptional. 
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ATialyiea  &fwajUr/r&m  tceUst  tie.,  in  valUys  of  Utah  Lake  tind  Jftrtian  Riv^A 
[FiirU  per  millimi.] 
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aAuTHORiTiRrt,— Nos.  Z2t  ^,  und  2ip  EMirboiti  IftborKtorfn.    Nim,  ^  ttod  3Q«  CmTcnvr  W.  A. 

J.  H.  Parsons  Chi'mlcni  Co-    Noi.  30  and  31,  Dc"  Bernard,  J-  U- 
fe  From  MgCi  \.i. 
c  From  CaCu,  und  MgTOi. 
d  From  CaSO*. 


XA-tl 


t^CWlM 


No  analysf'!^  iif  ^nmnd  wati^r  obtainc^d  from  fihA]lt>w  wplLs  ttue  avftiltihlp,  but  thr  f^i 
character  of  huHi  water  in  known.  In  the>  upland  an^as  abov^  the  canals  the  water  fnm^ 
shallow  wells  i>s  much  Jikc  that  cotiinuinly  abtainod  (hroughout  the  region  in  deeper  oort I 
it  contains  a  mode  rate  amount  uf  dissolved  salt.s»  larigelj  calcium  c&rbonate,  and  b  usuillj 
of  good  quality.  But  in  Iho  lowlands  the  stirface  water  i8  quite  difTprt^Dt^  gpncra%  «o- 
taining  considerable  dissolved  aahs,  aniotig  which  alkaljea  are  abundaot.  Wlierp  gnwM 
water  lies  within  the  scope  cif  cnpillan^  attraction  from  the  nurface,  evaporation  causes tfc* 
mineral  matter  which  is  held  in  solution  lo  uccuiiiuliiLtc,  i^iid  In  this  manner  the  soil  bocoox^ 
tainted  with  alkali.  Consequently  the  water  from  surface  wells  in  the  lowlands  is  chaite- 
teristically  rich  in  dissolved  salts. 

Abnormal  conditions  prevail  Iwally  in  the  vicinity  of  the  smelters  in  Jordan  VaUeJ 
south  of  Salt  Lake  (Hty.  Smelter  smoke  has  lately  become  a  nuisance  to  farmers  bj 
injuring  crops  and  animals  in  the  path  of  prevailing  winds.  Sulphur  dioxide  is  lb* 
most  abundant  deleterious  substance  contained  in  the  smoke,  and  to  a  minor  extent  locally 
finds  its  way  into  the  water  supply.  Occasionally  also  ground  water  may  become  poisoned 
from  accumulations  of  flue  dust  containing  copper  and  arsenic,  o 

Natural  gas  occurs  in  a  numl)er  of  water  wells  in  the  area  under  consideration.  We^ 
drivers  report  the  common  presence  of  vegetable  matter,  chiefly  fragments  of  wood,  ^ 
different  depths  in  many  localities.  Tliis  was  entombed  in  the  old  lake  deposits,  and  it^ 
d<'composition  may  account  for  the  origin  of  the  gas.  Though  gas  occurs  in  numeroi^ 
wells  it  has  been  found  in  (juantity  in  only  a  few  localities,  the  greatest  development  occu^ 
ing  near  th<»  shore  of  (ireat  Salt  Lake,  about  12  miles  north  of  Salt  Lake  City.  ^  Her^ 
8ev<Tal  wells  were  drilled  averaging  about  500  feet  in  depth;  and  from  September,  189^ 

a  Wi(lt«<M».  J.  A..  Uolallon  of  Hinelter  smoke  to  Utah  agricultunv  Bull.  Agricultural  College  of  Vtm- 
No.  88.  VMi. 
^ Rich&nisnn,  li.  JJ.,  Natural  gas  near  Salt  Lake  eVl^;  I\u\\.  \j  .  ft.  C»<sc\.%arw5  Ho.-aso,  1905,  p.  4^ 
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kfarch,  1897,  Salt  Lake  City  was  supplied  with  natural  gas  from  this  source*,  the  total 
d  being  approximately  150,000,000  cubic  feet.  But  the  supply  finally  became  insuffi- 
it  and  the  field  was  abandoned.    Gas  continues  to  be  found  in  various  parts  6f  the  valley 

possibly  other  fields  similar  to  that  north  of  Salt  Lake  City  may  yet  be  found:  but 
*«  is  little  reason  for  expecting  much  better  results  than  already  obtained  and  it  is 
ossible  to  predict  the  localities  where  such  supplies  may  be. found. 
lie  water  of  Utah  Lake  represents  the  varied  sources  of  its  supply ;  part  is  derived 
Ttly  from  surface  streams,  another  part  from  seepage,  still  another  portion  from  springs, 

the  whole  is  concentrated  by  evaporation.  The  analysis  by  the  Bureau  of  Soils  on 
e  30  shows  the  present  condition  of  the  water.  Sodium  predominates,  magnesium  and 
ium  are  subordinate,  and  the  corresponding  salts  are  principally  sulphates  and  chlorides, 
iparison  with  an  analysis  of  Utah  Lake  by  F.W.Clarke  twenty-one  years  earlier  affords 
resting  data.a    The  total  solids  have  increas<»d  from  308  to  1,.'}53  parts  per  million, 

the  character  of  the  water  has  changed  from  a  preponderating  sulphate  solution  to 

containing  large  amounts  of  chlorides;  the  sodium  has  increased  remarkably  and 
^esium  is  now  in  excess  of  calcium.  These  changes  appear  to  be  mainly  due  to  man's 
ipancy  of  the  region.  The  streams  have  been  diverted  for  irrigation  and  an  increasing 
ply  has  reached  the  lake  as  seepage  after  pa^^sing  through  the  alkaline  soils  of  the  low- 
Is.  Evaporation  in  the  shallow  lake  also  has  tended  to  concentrate  its  waters, 
"he  composition  of  the  water  of  Great  Salt  Lake  has  b<'en  the  subject  of  much  investi- 
lon,  and  a  list  of  the  more  important  analyses  is  given  on  page  34.  The  lake  receives 
drainage  of  an  enormous  area,  but  by  far  the  greater  part  of  its  supply  is  derived  from 

Wasatch  Mountains,  from  Bear,  Weber,  an^  Jordan  rivers.  The  mineral  content  of 
at  Salt  Lake  is  the  result  of  the  concentration  of  a  vast  body  of  water  during  a  long 
iod  of  time,  in  which  Lake  Bonneville  has  given  place  by  evaporation  to  the  present 
?.  Great  Salt  Lake  is  shallow,  and  the  seasonal  and  annual  fluctuations  in  ils  level 
se  considerable  differences  in  volume,  with  consequent  changes  in  composition  of  the 
^er.  These  changes  are  indicated  by  the  increase  of  salinity  from  13  per  cent  in  1873 
ibout  24  per  cent  in  1892. 

n  August,  1892,  the  water  of  Great  Salt  Lake  contained  238  parts  per  thousand  of 
il  solids,  consisting  of  predominating  sodium  and  smaller  amounts  of  magnesium,  potas- 
n,  and  calcium,  in  the  order  named,  the  corresponding  salts  being  chlorides  and  sul- 
ttes.  The  water  of  the  lake  is  thus  a  concentrated  brine,  and  in  the  winter  months 
point  of  saturation  for  sodium  sulphate  is  actually  reached  and  crystals  of  mirabilite  l> 
deposited.  The  critical  point  for  calcium  carbonate  is  passed,  so  that,  in  spite  of  its 
mdance  in  the  waters  that  supply  the  lake,  none  has  \wen  found  in  it.  Apparently 
ium  carbonate  is  precipitated  soon  after  entering  th<^  dense  body  of  water. 


a  Cameron,  F.  K.,  Jour.  Am.  C'hnn.  Sw.  \ol.  37.  I1K),'».  p.  11."^. 
frTalmage.  J.  i:..  '•Great  Salt  Lake,  Present  and  Past,''  19()0.  p.  fi4. 
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Anaiyttes  of  vxiler  of  Great  SaJt  Lake,  a 
I  I*a  rtH  per  thousand.] 


Analyst  and  (late.      Ca.     \    Mg.         Na.     '      K.         SO^.    I      CI.      |  B»0».  ■   Vt(h.  '  ToUl.  ^JJJ^ 


Oale,  L.  I)..  1S5»..    Trace. 
Allen.  0. 1)..  sum- 
mer, 18fi0 0.2 

Baflsett.  ir.,.\ug., 
1873 «i 


85.3       12.4      I  124.5      j 222.8        1.W 


|1"' 


0.(i 

3.8         49.6      I    2.4  9.9      {    84.0      '  Tmce.     Tnic^.     14B.9        1.111 

3.0  38.3  ,    9.9  !    8.8  '  73.6  ,134.2  1.1« 

Talniage.  J.  E.: 

Dec..  1885 4      [    2.9  58.2  ,     1.9  13.1  '  90.7  167.2  LIS 

Aug..  1KS9 K      1     5.1  65.3  2.1  11.7  i  110.5  ' 195.5  LIS 

Waller,  E..  Aug., 

1802 2.424;     2.844     7.5.825       3.925     14.9li4     128.278     Trace *238.12       Ll» 


"  Waller.  E..  Water  of  (Irt^at  Salt  Lake:  School  of  Mines  Quart.,  vol.  14.  18(».  p.  59. 
t>  By  evaporation,  duplicate  test  gave  237. 93. 

Too  little  care  is  given  to  the  sanitan'  character  of  the  if(*ater8  in  the  valleys  of  Utah 
Lake  and  Jordan  River.  The  mountain  streams  are  a  source  of  excellent  purity,  yet  they 
arc*  liable  to  contamination.  General  supjerviaion  of  the  watersheds  of  the  creeks  that  wp- 
ply  Salt  Lake  (Mty  is  maintained  by  the  municipality^  especially  on  City  Creek,  but  ebe- 
where  few  precautions  are  taken  to  safeguard  the  supply.  Commonly  the  chararter  of 
water  obtained  from  the  deep  wells  is  of  good  quality,  as  is  also  that  of  surface  wells  in 
the  thinly  settled  uplands  adjacent  to  the  base  of  the  mountains.  But  surface  water  (^ 
erally,  especially  in  the  tliickly  settled  lowlands,  where,  moreover,  the  mineral  content  ii 
high,  is  undesirable  for  domestic  use  Wcause  of  its  liability  to* contamination. 

Salt  Lake  and  Provo  are  the  only  cities  in  the  area  that  have  sewer  systems.  IV 
Provo  sewer  dia<'harges  through  an  open  ditch  into  Utah  Lake,  and  thereby  pollutes  that 
lK>dy  of  water.  Salt  Lake  City's  sewage  is  well  disposed  of  on  a  "sewer  farm"  bekwr 
Hot  Springs  I^ke,  and  the  surplus  enters  Jordan  River  near  its  mouth.  Elsewhere  do 
systematic  sanitary  precautions  are  taken,  and  locally  conditions  are  bad,  with  consequmt 
frequent  t},^)hoid  fever  epidemics. 

It  can  not  \ye  too  .strongly  impressed  upon  inhabitants  of  country  districts  that  the  wel- 
fare of  the  community  is  intimately  concerned  with  presenting  the  water  supply  uncoD- 
taminated,  and  in  this  connection  it  may  be  of  service  to  reproduce  a  section  from  the  nintli 
annual  report  of  the  Massachusetts  State  board  of  health:  a 

Then*  are  a  few  point8  to  be  borne  in  mind  with  reference  to  water  supply,  dialnage  of  houaet.  «d1 
sewerage,  which  have  been  .suggested  by  the  examination  of  the  board  in  this  State,  and  may  propolT 
be  HUininarixed  here. 

1.  The  privy  system,  so  common  throughout  the  State,  by  which  filth  is  stored  up  to  pollute  the  air. 
soil,  and  water  near  dwellings,  should  in  all  cases  be  abolished. 

2.  Cesspools,  unless  extraordinarj-  pnvautions  be  taken  aa  to  ventilation  and  prevention  of  pollo- 
tion  of  soil  and  uir.  are  little  better,  and  should  be  given  up  for  something  less  objectionable  as  socnif 
practicable. 

3.  ^Vell8  cjin  not  be  depended  on  for  supplies  of  wholesome  water  unless  they  are  thoroogtily  goardrd 
from  sourc<'s  of  surface  and  subsoil  pollution.  Some  of  the  foulest  well  water  examined  by  the  board 
has  been  clear,  sparkliner,  and  of  not  implea.siint  taste. 

4.  Where  wells  have  already  been  polluted  and  it  is  not  practicable  to  dig  new  deqp  wells  remote 
from  sources  of  contamination  or  to  introduce  pure  public  water  supplies,  the  storage  of  imin  wattt, 
properly  filtered,  i-"  a  satisfactory  method  of  procedure. 

.■).  In  small  town.^  where  public  water  supplies  have  not  been  introduced,  and.  Indeed,  wherever  watc^ 
closets  are  not  used,  some  method  of  fre<iuent  removal  and  disinfection  with  earth  orashea  abooldla 
adopted  in  place  of  privies,  by  which  it  should  be  impossible  for  the  filth  to  soak  into  the  aoil  or 
into  the  air.  Cemented  vaults  are  not  always  to  be  depended  upon,  as  their  walla  oraok  from  froat  oi 
through  settling  of  the  ground,  and  they  thus  sometimes  become  souroea  of  pollution  of  wella, 
contaminating  the  air.  Nor  is  the  fact  of  a  privy  being  on  a  downward  slope  from  the  wdl  a 
safeguard,  for  even  then  the  <lirection  of  the  subsoil  drainage  may  be  toward  the  well. 


^Ratter,  (i.  W.,  and  Baker,  M.  N.,  Sewage  Y>\spoM>\VTi\,\v^>3T>»««L%^\«»,>»ft\,^.«k. 
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5.  Earth  closets,  with  proper  care,  may  tie  satisfactorily  adopted,  but  the  earth,  after  having  been 
once  used,  should  l>e  placed  upon  the  land,  not  stored  within  doors  and  dried  to  be  again  used,  for  in 
the  process  of  drying  there  are  emanations  from  it  which  are,  perhaps,  not  less  dangerous  from  the  fact 
of  their  being  ImperDeptible  by  the  unaided  senses  or  through  chemical  examination.  With  earth  clos- 
ets a  plan  similar  to  that  in  use  at  the  Pittsfield  Hospital  a  may  well  be  used  for  the  chamber  slops, 
and  the  kitchen  waste  may  be  utilired  (with  the  chamber  slops  too,  if  desired)  in  the  manner  used  by 
Mr.  Field  and  Colonel  Waring.  *  •  •  Less  intricate  methods  are  used  In  scattered  dwellings,  but 
with  the  effect  of  having  the  slop  water  absorbed  by  the  ground  and  taken  up  by  vegetation  so  far 
tiom  the  house  as  not  to  involve  a  nuisance  or  danger  to  health. 

7.  Where  water  supplies,  water-closets,  etc.,  are  introduced,  sewers  should  follow  immediately  in 
most  kinds  of  soil.  Cesspools  should  not  be  used,  unless  with  extraordinary  precautions;  but  with  a 
lew  hundred  feet  square  of  lawn  the  irrigation  system  by  agricultural  drain  pipes  is  to  be  recom- 
tnended.  whereby  the  filth  is  at  once  taken  up  by  the  roots  of  grass.  In  all  cases,  of  course,  with  or 
'Without cesspools;  there  should  l>e  thorough  ventilation  of  the  system  of  house  drainage,  with  discon- 
tBction  from  the  main  outlet  drain  by  means  of  either  a  ventilating  pipe  or  rain-water  spout  t)etween  the 
•ewer  trap  and  the  house,  and  whose  openings  at  the  top  should  he  only  at  points  remote  from  win- 
5]ovs  and  chimney  tops. 

On  the  whole,  a  thoroughly  satisfactory  arrangement  of  this  kind,  if  properly  looked  after,  is  in 
many  respects  to  be  preferred  to  connecting  with  public  sewers. 

RXOOVEKT  or  UHDEROROUHD  WATER. 

A  crude  estimate  uf  the  amount  of  underground  water  in  the  valleys  of  Utah  Lake  and 
Jordan  River  might  be  made,  based  on  an  assumed  thickness  and  poipsity  of  the  unconsoli- 
dated sediments,  and  the  result  would  b<»  many  cubic  miles,  yet  the  figures  would  l)e  value- 
less. The  important  fact  is  the  amount  of  available  water  that  can  be  re<*ovored  econom- 
ically; but,  unfortunately,  this  too,  because  of  lack  of  detailed  knowledge  concerning  the 
distribution  and  thickness  of  the  beds  of  sand  and  gravel  which  constitute  the  reservoirs, 
can  not  be  determined.  Though  definite  figures  are  not  available,  the  general  fact  is  well 
known  that  the  lowlands  are  amply  supplied  with  underground  water  within  easy  reach  of 
the  surface  and  that  on  the  highlands  the  underground  supply  is  relatively  small. 

Underground  water  becomes  available  for  use  both  naturally  and  artificially.  It  reaches 
the  surface  figain  naturally  in  springs  and  by  seepage  into  drainageways,  and  is  commonly 
recovered  artificially  by  means  of  wells,  though  occasionally  tunnels  and  subsurface  dams 
prove  efficacious.  Wells  are  the  main  recourse  in  the  area  under  consideration,  and  they 
can  be  conveniently  grouped  into  two  classes,  flowing  and  nonflowing. 

The  areas  in  which  flowing  wells  are  obtained  in  the  valleys  of  Utah  Lake  and  Jordan 
River  are  shown  on  Pis.  VIII  and  IX,  and  the  list  of  wells,  together  with  the  descriptions  of 
the  different  localities,  gives  detailed  information  concerning  the  occurrence  of  artesian 
water. 

The  date  when  the  first  flowing  well  was  put  dow^n  has  not  been  ascertained,  but  it 
appears  to  have  been  about  1878.  Since  then  many  have  b<»en  sunk,  and  the  limits  of  the 
areas  in  which  flows  can  be  obtain(>d  have  been  determined  with  fair  accuracy  by  experi- 
ment. The  map  shows  that  flowing  wells  exist  only  in  the  lower  portions  of  the  valley, 
the  area  of  flows  corresponding  closely  with  that  in  which  ground  water  lies  within  10  feet 
of  the  surface.     Higher  up  on  the  l>enche8  the  elevation  is  too  great  to  obtain  flows. 

Locally,  flowing  wells  may  be  obtained  at" a  depth  of  less  than  50  feet,  but  generally  they 
range  between  100  and  400  feet,  while  the  few  that  have  been  sunk  to  1,000  feet  and  more 
encountered  water  under  pressure  in  the  successive  beds  of  sand  and  gravel.  As  many  as 
25  distinct  water  horizons  from  which  flows  at  the  surface  were  obtained  are  reported  in 
the  Rudy  well,  sec.  6,  T.  1  N.,  R.  1  W.  The  wells  are  usually  2  inches  in  diameter,  though 
occasionally  the  shallower  ones  arc  only  1  inch,  while  the  deeper  ones  are  4  and  6  inches. 
In  yield  the  wells  vary  considerably,  according  to  location,  depth,  and  size  of  pipe.  The 
greatest  flow  measured  was  that  in  the  Harry  Gammon  well,  sec.  7,  T.  6  S.,  R.  2  E.,  which 
supplies  about  266  gallons  a  minute  from  a  3-inch  pipe.  A  number  of  wells  flow  less  than 
1  gallon  a  minute,  though  a  common  yield  is  Ix'tween  10  and  60  gallons.  Tlie  pressure  a 
comparatively  low,  the  highest  measurements  obtained  being  only  15J  pounds  per 


a  Cottage  Hoapitala:  Ninth  Ann.  Kept.  Mass.  State  Board  ol\\«a.\V\v>^v*^^^^ 


ssure  isj^P 


36  UNDERGROUND    WATER    IN    VALLEYS    OF    UTAH. 

inch,  and  generally  the  greatest  pressures  are  little  more  than  sufficient  to  raise  the  wi 
into  railroad  tanks. 

Temperature  measurements  of  the  water  from  flowing  wells  afford  some  data  bearing 
the  downward  increment  of  heat  in  the  unconsolidated  vallpy  deposits,  but  there  u 
number  of  disturbing  factors.  Adjacent  to  the  mountains  the  waters  are  unusually  c 
the  presence  of  hot  springs  tends  to  disturb  conditions,  and  the  depths  from  which  the  wi 
flow  arc  often  not  known.  The  common  rate  of  downward  increase  in  temperature  apfx 
to  be  slightly  less  than  1°  F.  in  50  feet,  but  the  facts  obtained  do  not  warrant  a  cV 
statement.  It  may  l)e  of  local  interest,  however,  to  observe  that  in  general  the  temp 
ture  of  the  water  increase's  with  the  depth  of  the  wells  at  approximately  that  rate. 

Few  measurements  have  been  made,  but  it  is  common  experience  that  the  yield  of  m 
flowing  wells  in  the  area  under  consideration  has  decre^ised.  The  most  compreheoi 
measurements  are  those  made  of  the  wells  owned  by  Salt  Lake  City  near  Liberty  P 
(p.  44).  Comparing  the  discharge  of  12  of  these  wells  in  August,  1890,  with  the  yield  of 
same  wells  in  September,  1902,  it  appears  that  in  the  interval  of  twelve  years  the  6oi 
one  had  increased,  but  that  those  of  the  others  had  materially  decreased.  Such  deeret 
however,  may  Ik*  due  largely  to  clogging  of  the  pipes,  for  the  total  yield  of  the  Liberty  P 
area  has  been  maintained  with  little  decrease  by  sinking  new  wells. 

Decrease  in  yield  i^  conspicuously  appan^nt  in  Lehi  and  Spanish  Fork,  where  floi 
wells  formerly  could  l)e  obtained  much  more  generally  than  now,  and  is  notable  ebewl 
throughout  the  valley,  especially  adjacent  to  the  boundary  of  the  flowing  area.  Deen 
in  flow  of  individual  wells  is  so  letimes  due  to  clogging  up  with  sand  and  clay,  aodd 
can  l)e  remedied  by  cleaning  or  by  the  use  of  casing.  But  the  general  decrease  is  to 
explained  chiefly  by  the  large  increase  in  the  number  of  wells  which  draw  on  the  gMU 
supply.  It  is  also  to  ))e  remembered  that  for  the  past  few  years  the  annual  precipital 
has  l)een  considerably  l^elow  the  mean. 

The  artesian  wells  are  used  for  stock,  irrigation,  and  domestic  purposes.  The  amo 
used  for  sto<'k  is  comparatively  small,  and.  save  for  watering  small  gardens,  artesian  wi 
as  yet  is  not  oxtensivoly  used  for  irrigation,  except  locally.  Probably  over  a  thousands 
are  thus  irrigated  in  IHah  Ijake  Valley,  the  principal  areas  being  below  Lehi  and  Pay 
The  artesian  supply  is  much  used  for  domestic  purposes,  and  in  general  furnishes  an  a( 
rable  quality  of  water,  containing  much  less  dissolved  salts  and  being  much  purer  i 
shallow  ground  water. 

An  attempt  was  made  to  estimate  the  total  number  of  flowing  wells  in  the  area  stui 
but  the  result  is  to  1m»  taken  only  as  a  rough  approximation.  There  are  about  5,000 1 
ing  w<'lls  in  the  valleys  of  Utah  Lake  and  Jordan  River,  and  possibly  somewhat  more 
half  of  thcs<»  occur  in  tli<'  southern  valley.  Assuming  an  average  of  15  gallons  a  minu 
total  yield  of  al)out  150  second-feet  is  thus  indicated. 

Outside  of  the  area  in  which  flowing  wells  are  obtained  undergroimd  water  is  recoi 
either  from  shallow  dug  wells  that  tap  the  upper  surface  of  underground  water  or 
driven  wells  ii:  which  the  water  coni(»s  from  a  relatively  deep  horizon  and  is  under  pre 
which  causes  it  to  rise  toward  the  surface.  To  save  the  expense  of  "driving,"  shallow 
are  often  dug  within  the  area  in  which  flowing  wells  can  \ye  obtained.  Occupying  the  o 
of  the  valh'V  and  extending  approximately  to  the  limit  at  which  flowing  wells  c« 
obtained,  ground  water  lies  within  10  feet  of  the  surface,  and  locally,  as  has  been  mentii 
swampy  conditions  exist .  As  the  base  of  tlie  mountains  is  approached  the  depth  to  gr 
water  increases  and  is  over  50  feet  on  much  of  the  \ipland  where,  over  large  areas,  tb 
tance  to  water  is  unknown. 

Water  is  recovered  from  these  wells  generally  by  buckets  and  hand  pumps.  Comparat: 
few  windmills  are  in  operation.  An  average  wind  velocity  of  not  less  than  6  miles  an  h' 
is  stated  to  In?  required  to  driv(»  a  windmill:  and  since  the  mean  wind  velocity  at  Salt ) 

n  Wilson,  H.  M.,  Pumping  for  irrigation:  Wat<^r-Sup.  and  Irr.  Papt»r  No.  1,  U.  8.  Geol.  So: 
1896,  p.  27. 
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CSty  from  June  to  September,  inclusive,  is  6^  miles  an  hour  and  for  the  entire  year  averages 
only  5.9  miles,  the  natural  conditions  are  not  very  favorable  for  this  form  of  power.     Steam 
pumps  are  used  only  to  a  limited  extent.    The  Bingham  Consolidated  Company  has  three 
3-iDch  wells  250  to  300  feet  deep  in  which  the  water  rises  to  within  about  70  feet  of  the  sur- 
face; 125  gallons  per  minute  are  reported  to  bo  supplied  by  each,  the  water  being  raised  by 
compressed  air.     Another  instance  of  successful  pumping  is  at  the  brickyard  in  sec.  29, 
T.  1  S.,  R.  1  E.,  where  40  gallons  a  minute  are  reported  to  be  obtained  from  a  well  30  feet 
deep.    Gasoline  for  pumping  has  not  been  much  used.    Electric  power  can  be  cheaply 
developed  in  the  canyons  and  affords  a  valuable  asset.    In  the  valleys  of  Utah  Lake  and 
Jordan  River  pumping  on  a  large  scale  has  not  yet  been  resorted  to.    There  is,  however,  a 
considerable  quantity  of  water  within  easy  reach  of  the  surface  which  probably  will  not 
much  longer  remain  unused. 

Undei^ground  water  is  recovered  in  exceptional  circumstances  by  means  of  subsurface 
dims,  or  similar  contrivances,  which  impound  the  underground  supply.  >   In  unconsolidated 
materials,  in  order  ihat  this  may  be  successfully  accomplished,  certain  conditions  are  nec- 
'      fwary.    Practically  impervious  bottom  must  exist  within  easy  re-ach  of  the  surface  to  pre- 
j-      Tent  excessive  lowering  of  the  ground-water  level,  and  competent  side  walls,  not  too  far 
[      apart,  should  be  present  to  intercept  lateral  escape.     Tlie  presence  of  the  necessary  condi- 
tions can  be  determined  only  by  prospecting,  and  the  practicability  of  such  structures  is  an 
independent  question,  but  because  of  the  value  of  water  in  the  area  under  consideration 
their  feasibility  should  be  investigated.     Possible  locations  of  subsurface  dams  are  suggested 
by  rock  walls  at  the  mouths  of  the  narrow  canyons,  where  borings  in  search  of  suitable  bot- 
tom should  be  made.    Tests  of  the  amount  and  porosity  of  the  valley  filling  at  and  above 
:      the  mouths  of  the  canyons,  together  with  measurements  of  the  velocity  of  the  underflow, 
>      would  indicate  the  quantity  of  available  underground  water.    On  Emigration  Creek,  for 
I     instance,  the  comparatively  low  run-off,  suggesting  an  unusual  amount  of  underdrainage, 

*  and  the  quantity  of  water  obtained  from  the  ineflBcient  city  trench  invite  further  testing  of 
\  the  possibilities.  Below  the  mouths  of  the  canyons  in  the  several  creek  valleys  favorable 
f  conditions  also  may  be  discovered  by  the  drill  to  warrant  the  construction  of  infiltration 
!    galleries. 

4  hi  the  section  devoted  to  geology  it  is  stated  that  the  rocks  of  this  region  are  more  or  less 

X  disturbed  and  broken,  and  an  important  part  of  the  precipitation  on  the  mountains  finds  its 

'  way  into  the  bed  rock.     The  water  occurs  in  the  small  interstices  or  pores  which  are  present 

l  in  all  rocks,  in  larger  spaces  such  as  fissures  or  solution  channels,  and  along  joints,  bedding 

I  planes,  and  igneous  contacts.     As  would  be  expected,  less  wat^r  is  found  in  the  Ociuirrli 

*  Mountains  than  in  the  Wasatch.  Bingham  is  a  dry  camp,  though  more  or  less  water  is 
^  encountered  in  the  workings,  while  the  mim»s  of  Park  City  are  wet.     The  Ontario  tunnel, 

!  which  drains  most  of  the  large  mines  of  the  latter  district,  is  stated  by  J.  M.  Boutwell  to  dis- 
l  <^hai|^  from  6,000  to  9,000  gallons  a  minute.  Considerable  water  is  l)eing  recovered  by  tun- 
.-  nels  driven  into  bed  rock  along  the  base  of  the  mountains.  In  some  instances  the  site  of 
w  tunnel  marks  the  presence  of  a  former  spring,  as,  for  instance,  Wadleys,  near  Pleasant 
<  Grove, and  those  in  Butterfield  Canyon.  But  in  one,  tlie  Dalton  and  Lark  tunnel,  east  of 
\  "ingham,  water  in  quantity  was  not  encountered  until  several  thousand  feet  of  rock  were 
i       penetrated. 

j  Another  method  of  recovering  water  from  l^d  nx'k  is  suggested  by  the  structure  of  the 

I  niountains  southeast  of  Salt  Lake  City.  It  will  Ix*  recalled  from  the  outline  of  the  geology 
^  that  a  great  syncline,  modified  by  local  undulations,  is  there  ch^velopi'd,  whose  axis  extends 
I  *wng  the  valley  of  Emigration  Creek.  The  general  structure  i.s  favorabh*  for  the  occurrence 
^wtesian  water,  but  there  are  unfavorable  compli(*ations.  Tlie  rocks  are  chiefly  compact 
*"nestone8,  the  general  dlsturlied  and  fissured  conditions  tend  to  relieve  the  pressur**  on  the 
interstitial  water,  and  the  Wasatch  fault  has  cut  across  the  strata.  Nevertheleas,  it  is  pos- 
sible that  locally  the  red  sandstones  contain  water  under  pressure,  but  because  of  the  lunit&d 
"*Wie  area  a  large  supply  is  vol  to  \)e  expected. 
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SUOOESTIOKB. 

It  is  evident  that  in  general  a  high  degroe  of  efficiency  in  the  use  of  the  water  resources  of 
the  valleys  of  Utah  Lake  and  Jordan  River  is  not  maintained.  Conditions  can  be  greatlj 
benefited  by  preventing  waste  whenever  possible.  Most  prominent  in  this  connection  is  tbt 
conservation  of  st^rm  waters.  Besides  the  construction  of  lai^ge  impounding  reservoin 
small  ones  can  profitably  be  built  at  many  localities  within  the  mountains.  Also  to  a  at- 
tain extent  storm  wat^^rs  can  be  utilized  by  diverting  them  on  the  uplands  and  pemuttiif 
them  to  spread  over  a  larger  area  instead  of  allowing  the  run-K>ff  to  escape  rapidly  in  'Mt 
natural  channels.  The  effect  would  be  an  appreciable  increase  of  the  downstream  seeptgi 
and  of  the  replenishment  of  the  undei^ground  store.  Moreover,  storm  dischaiige  may  be 
lessened  by  planting  trees  and  by  protecting  the  watershed  from  fire,  lumbering,  and  gnm^ 
thereby  promoting  retention  of  the  water  by  absorption  and  the  increase  of  seepagp  ruB* 
off  long  after  the  storms  are  over.  Another  important  loss  of  water  occurs  bei*ause  of  faulty 
methods  of  transportation  for  use  in  irrigation.  As  the  need  of  economy  increases  moie 
efficient  conduits  will  replace  crudely  constructed  ditches.  Water  th\is  saved,  howeTer, 
proportionally  diminishes  the  replenishment  of  the  undei^round  store.  Loss  also  occurs  bf- 
allowing  artesian  weUs  to  flow  when  the  water  is  not  needed.  Either  the  wells  should  be 
capped  or  the  flow  at  least  be  partly  checked  when  water  is  not  used,  or  it  should  be 
collected  in  reservoirs. 

The  abundance  of  water  in  the  lowlands  and  a  dearth  of  it  in  the  uplands,  where  the  soil 
is  generally  fertile,  free  from  alkali,  and  well  adapted  to  the  growth  of  fruit,  suggest  that  a 
more  efficient  application  of  the  available  water  supply  should  be  practiced.  Because  of  tbo 
scarcity  of  the  underground  supply  on  the  uplands  and  the  possibility  of  distributing  creek 
water  there  by  high-level  canals,  and  since  there  is  not  enough  water  in  the  creeks  to  direct^ 
serve  l)otli  the  uplands  and  lowlands,  it  would  appear  that  steps  should  be  taken  to  increase 
the  upland  supply  from  the  creeks  and  to  use  wells,  either  flowing  or  pumped,  in  developing 
the  lowlands.  Tlie  popularity  of  pumping  plants  in  irrigation  elsewhere,  the  proximity  of 
underground  wat«r  to  the  surface  in  the  lowlands,  and  the  availability  of  elwtric  power 
that  can  Ih»  developed  in  the  adjacent  canyons  are  facts  favorable  to  the  proposed  change. 
Mon^over,  st»epage  from  the  greater  use  of  creek  water  on  the  uplands  will  increase  the  avail- 
able underground  supply  in  the  lowlands.  The  upland  water  supply  may  also  be  increased 
by  the  development  of  springs,  by  tunneling  into  the  mountains,  and  possibly  by  the  con- 
struction of  su))surface  dams  and  infiltration  galleries  at  favorable  localities. 

More  attention  should  be  given  to  developing  and  preserving  a  pure  water  supply  for 
domestic  purposi\s.  Surface  st  reams  should  lx»  protex^ted  from  pollution,  and  can?  should  be 
taken  to  reduce  to  a  minimum  the  contamination  of  wat-er  in  wells  by  using  modem  methods 
in  the  disposal  of  household  refuse.  The  common  location  of  the  towns,  near  the  base  d 
the  mountains,  where  sufficient  amounts  of  pure  water  are  generally  available  either  frooi 
creeks  or  springs  renders  the  pmblem  of  public  water  supply  relatively  simple;  yet  it  isi 
remarkable  fact  that  only  a  few  towns  utilize  their  opportunities. 

OCdimEXCE  OF  irNDEKGUOrND  WATER. 

WEST  OF  JORDAN  RIVER. 
DIVISIONS   OF   AREA. 

The  area  west  of  Jordan  Kiver  within  the  region  covered  by  this  report  is  naturally 
divided  into  two  parts.  One  Ls  the  lowland  which  extends  from  Great  Salt  Lake  eastward 
to  Jordan  Kiver  and  thence  continues  in  a  narrow  Ix^lt  southward,  adjacent  to  the  river; 
the  other  Ls  the  upland  which,  from  the  southern  and  western  border  of  the  lowland,  extencb 
with  increasing  elevation  to  the  base  of  the  Oquirrh  Mountains.  No  sharp  line  of  divisioa 
can  1h>  drawn  U't  ween  the.se  areas,  for  they  grade  into  each  other,  yet  on  the  whole  they 
are  di.Htinct.  The  di.stribution  of  underground  water  in  the  two  areas  also  is  distinct,  • 
coDvenient  line  of  separation  be'mg  thai  wVi\c\i  matVA  vVie  \>oMXi^«x^  \NX^«m^Qr«\S)%%A^ 
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nflowing  weWa.  As  shown  by  PI.  VII,  this  line  lies  close  to  the  Jordan  in  the  southern 
rt  of  it«  course,  but  across  the  river  from  Murray  takes  a  westward  turn,  and,  following 
i  base  of  the  upland,  extends  to  Great  Salt  Lake  at  the  northern  base  of  the  Oquirrh 
>untains.  This  line  also  roughly  marks  the  boundary  between  shallow  and  deep  ground 
tier.  In  the  lowland  area  ground  water  is  abundant  and  generally  lies  within  10  feet  of 
e  surface,  while  on  the  upland  water  U  generally  scarce  and  is  found  only  at  a  depth  of 
er  50  feet. 

UPIJIND   AREA    WEST  OF   JORDAN   RIVER. 

In  general  the  upland  has  the  aspect  of  a  rolling  plain  which  gradually  rises  to  the  base 
the  mountains,  but  in  detail  the  plain  is  varied  by  the  presence  of  benches  and  escarp- 
snUi,  relics  of  Lake  Bonneville  and  of  a  few  drainage  ways  that  have  incised  channels 
ro8s  the  plain.  Locally,  especially  at  the  northern  end  of  the  Oquirrh  Mountains  and  at 
»  Narrows,  where  Jordan  River  flows  through  the  Traverse  Mountains,  the  shore  lines 
Lake  Bonneville  are  unusually  well  marked.  Different  stages  of  the  lake's  history  are 
orded  by  a  series  of  distinct  benches,  which  descend  one  below  another  from  the  Bonne- 
ie  level;  at  Jordan  Narrows,  for  instance,  no  less  than  ten  periods  of  pause  in  the  lake 
el  are  thus  recorded.  Shore  phenomena  in  general,  however,  are  less  prominently 
rked  on  the  western  margin  of  Jordan  Valley  than  on  the  eastern,  adjacent  to  the 
isatch  Mountains.* 

Bingham  Creek  is  the  only  perennially  flowing  stream  which  runs  for  any  considerable 
;«nt  across  the  plain,  though  Butterfield  Creek  flows  for  a  short  distance  after  it  emerges 
m  the  mountains  southwest  of  the  town  of  Herriman.  This  area  is  also  traversed  by  a 
mber  of  arroyos  which  contain  water  only  for  a  few  days  after  storms  and  during  the 
le  of  rapidly  melting  snow.  The  Utah  and  Salt  Lake  and  the  South  Jordan  canals, 
Tying  water  from  the  upper  part  of  Jordan  River,  extend  along  the  eastern  lx)rder  of 
'■  upland  and  supply  irrigation  water  to  |i  narrow  l)elt.  Above  the  upper  canal  the  area 
lesert  and  practically  uninhabited,  except  for  the  town  of  Herriman  and  a  few  scattering 
ivhes  which  obtain  local  supplies  o^  water.  Tlie  Utah  Lake  project  of  the  Reclamation 
"Vice  plans  to  make  available  for  irrigation  a  belt  from  2  to  4  mile,s  wide  we.st  of  the  Utah 
1  Salt  Lake  canal,  but  a  large  part  of  this  upland  ar«'a  west  of  Jordan  River  has  too  great 
^'levation  to  be  cheaply  irrigated  from  Jordan  River.  Some  amelioration  of  the  present 
1  conditions  may  be  efl'ected  by  constructing  reservoirs  at  the  base  of  the  mountains, 
'  the  collei'ting  area  is  small  and  no  very  extensive  additions  to  the  water  supply  are 
*ly  to  }>e  derived  from  this  source.  More  or  less  dry  farming  is  already  practiced  here. 
-  land  is  fertile,  Is  practically  free  from  alkali,  and  lx»cause  of  its  location  would  be  ver\' 
Uable  if  an  adequate  supply  of  water  could  Im?  obtained.  Unfortunat^^ly,  so  far  a.s 
>Avn,  underground  water  conditions  afford  little  prospect  of  a  large  supply  from  that 
»X'e,  though  valuable  quantities  can  locally  1h^  recovered. 

tills  upland  area  is  largely  underlain  by  gravel  and  sand,  and  along  the  ba.se  of  the  moun- 
^.s  coarse  gravel  predominates.     The  material  was  derived  from  the  disintegration  of 

adjacent  highlands  and  mostly  deposited  offshore  in  the  ancient  lake.     The  constitu- 
s  have  been  worked  over  and  sorted  during  the  different  stages  of  the  lake's  histoiy, 
h  by  wave  action  and  by  subaerial  influences,  so  that  the  resulting  material  is  heten)- 
eous  both  as  to  its  composition  and  arrangement, 
drills  have  recorded  only  to  a  v«»ry  limited  extent  the  nature  of  the  deposits  that  underlie 

surface.  Judging  from  the  records  and  fmm  conditions  elsi'where.  it  is  probable  that 
I  rock  lies  not  far  from  the  surfac*<>  contiguous  to  the  base  of  the  mountains,  and  that  at 
^stance  from  the  highland  U'd  rock  lies  at  a  <'onsiderable,  though  unknown,  depth, 
trer  the  momitains  the  unconsolidated  valley  filling  is  doubtless  of  coarsc»r  texture 
n  farther  away,  and  it  Is  likely  that  the  mat<?rials  are  arranged  lenticularly  rather  than 
'ontinuoiLs  l)eds.  That  portion  of  the  slight  precipitation  on  the  low,  small  watershed 
be  Oquirrh  and  Traverse  mountains  that  Is  not  evaporated  or  does  not  join  the  permanent 
'^t)fr  is  absorbed  by  the  porous  deposits.     Under  the  influence  of  gravity  the  water 
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Record  of  Rio  GramU  Western  Railway  Company's  well  at  Salt  Lake  City. 

ThickneM         r>epUi  in 
in  feet.  leet. 

Sand 8  561-569 

Soft  blue  clay 40 


Thickness 
in  feet. 


Depth  in 
feet. 


Thill  strata  of  clay 

and  sand 130 

Clay  and  hardpan. . .  -10 

Red  sand .'W 

Clay  and  hardpan. . .  00 

Gray  sand 5 

Clay  and  sand 44 


Sand 

Clay 

Sand 

I  lard  clay 

Sand 

Clay 

Sand 

Clay 

Sand 

Clay 

Blue  sand 

Clay 

Blue  sand 

Hard  clay 

Sand  and  gravel . 

Clay 

Gravel 

Gray  sandy  <  lay. 
Tougli  blue  clay . 
Hardpan 


8 
20 
13 

0 

8 
10 
18 
20 

4 
10 
12 

5 

10 

1 

12 

4 

28 

:io 

3 


1-130 
130-170 
170-200 
200-260 
260-265 
265-309 
309-317 
317-337 
337-350 
350-356 
356-364 
364-374 
374-392 
392-412 
412-416 
416-426 
426-438 
438-443 
443-473 
473-483 
483-484 
484-496 
496-500 
500-528 
,')28-,558 
5,^^56 1 


I 


Sandy  blue  clay ....  40 

Hardpan 2 

Sand 16 

Sandy  gray  clay 18 

Rod  sand 36 

Gravel 10 

Blue  clay 76 

Clay  and  sand,  alter- 
nating every  12  or 

18  inches 84 

Hardpan 8 

Sand  and  gravel 11 

Blue  cla}^ 16 

Gray  clay 24 

Sandy  gray  clay 13 

Quick  sand 15 

Blue  clay 21 

Sandy  bluo  clay 11 

Quicksand 10 

Gray  clay U 


569-609 
609-649 
649-G51 
ft51-667 
667-685 
685-721 
721-731 
731-807 

807-891 
891-899 


Fine  blue  sand . 
Tough  blue  clay . . 

Hardpan , 

Fine  sand 

Hard  blue  clay . . . 


3 
12 

2 
21 

4 


910-^26 

926-950 

950-963 

963-978 

97o"9Uy 

999-1.010 

1,010-1,030 

1,020-1,031 

1,031-1,034 

1,034-1,046 

1.046-1,018 

1,048-1,069 

1,069-1.073 


Althouojh  the  general  composition  of  the  old  lake  deposits  is  known,  not  enough  informa- 
tion has  been  accumulated  to  enable  very  definite  statements  tx>  be  made  concerning  the 
detailed  distribution  of  the  sediments.  A  comparison  of  available  well  records  shows  that 
the  alternating  b.'ds  of  sand,  clay,  and  gravel,  generally,  can  not  be  recognized  as  being 
equivalent  in  the  several  wells,  and  from  the  present  evidence  it  appears  that  while  there 
are  great  thicknesses  of  both  sand  and  clay,  which  must  have  a  more  considerable  lateral 
extent  than  the  beds  nearer  the  mountains,  the  lake  deposits  are  lenticularly  arranged. 
Sine »  no  comlation  has  been  established,  the  structure  of  the  lake  deposits  is  not  known. 
Api)arently  they  arc*  approximately  horizontal,  but  with  a  slight  inclination  toward  the 
lake  from  the  highlands.  This  is  indicated  by  the  pressure  obtained  in  artesian  wells  and 
is  pn)ved  in  a  few  instances  by  well  records. 

In  the  broad  lowland  west  of  Jordan  KivcT  then*  is  an  abundance  of  water.  Throughout 
()ractiHlly  all  of  this  area  ground  water  lies  within  10  feet  of  the  surface,  and  watt»r  is  ct>n- 
tained  in  the  underlying  deposits  down  to  an  unknown  but  considerable  depth.  Apparentlr 
flowing  wells  can  be  obtained  anywhere  within  this  area.  Although  the  water  is  so  gen- 
erally distributed,  it  is  profitably  recovered  only  from  the  more  porous,  coarser  textured 
deposits  nf  sand  and  gravel,  which  constitute  natural  reservoirs  and  in  which  the  water 
moves  more  readily.  Accordingly,  water  is  found  at  several  horizons  in  the  couise  of 
sinking  a  deep  wrll.  In  the  Rudy  well,  for  instance,  1,002  feet  deep,  situated  in  sec.  5,  T. 
1  N.,  K.  1  W.,  25  wat«'r  horizons  fn)m  which  surface  (lows  were  obtained  are  reported.  A 
n'cord  of  this  w«'ll  is  not  available,  but  **g(M)d  strong"  flows  besides  minor  ones  were 
re(u)rded,  respectively,  at  400,  r)08,  685,  7r>3,  and  881  feet. 

Though  water  is  so  abundant,  this  lowland  region  is  thinly  populated,  the  chief  drawback 
to  ita  settlement  being  the  presence  oi  muc\\  aVk«t\\  m  \\ve  ^\  ov^t  «^  considerable  part  of 
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he  area.  The  Bureau  of  Soils  of  the  United  States  Department  of  Agriculture,  in  coopera- 
lon  with  the  Utah  Experiment  Station,  is  at  present  engaged  in  a  demonstration  of  the 
?aaibility  of  reclaiming  this  land  on  a  farm  3  miks  west  of  Salt  Lake  City.  But  by  no 
leans  all  of  the  soils  in  this  lowland  area  contain  excessive  amounts  of  alkali,^  especially 
long  Jordan  River  and  adjacent  to  the  border  between  the  lowland  and  highland  areas 
bere  are  thriving  settlements. 

The  map  and  list  of  wells  show  general  conditions.  The  wells  are  grouped  along  the 
lailgins  of  the  area,  and  few  are  located  in  the  interior.  In  general  they  are  2  inches  in 
iameter,  but  they  vary  in  depth  greatly.  Although  flows  are  obtained  locally  at  only  30 
«t  below  the  surface,  commonly  they  are  not  encountered  above  150  feet.  Perhaps  the 
verage  well  is  between  200  and  300  feet  in  depth.  It  is  a  striking  fact  that  flows  may  be 
btained  throughout  the  entire  area  at  similar,  but  not  at  regular  depths,  indicating  only  a 
ight  inclination  of  the  water-bearing  horizons  and  their  lenticular  character.  The  flows 
re  usually  small,  averaging  perhaps  under  5  gallons  a  minute,  though  there  are  a  number 
I  15-gallon  flows.  The  supply  generally  is  reported  rather  Constant,  except  that  the 
lallower  wells  are  subject  .to  seasonal  variation.    The  pressure  obtained,  too,  generally 

small,  being  only  enough  to  cause  the  water  to  rise  either  barely  to  the  surface  or  a  few 
tet  above.  In  general  the  pressure  and  the  flow  are  reported  to  increase  with  the  depth 
ut  measurements  are  not  available.  Both  the  flow  and  the  pressure  are  considerable 
I  the  deep  Rudy  well,  sec.  5,  T.  1  N.,  R.  1  W. 

The  conditions  here  noted  apply  mostly  to  the  areas  contiguous  to  the  eastern  and 
outhem  borders  of  the  lowland  west  of  Jordan  River.  Little  information  is  available 
ODceming  the  rest  of  this  area  (see  list  of  wells  pp.  59-75. )  The  few  wells  near  Great  Salt 
Akewere  sunk  to  unusual  depths  before  flowing  water  was  obtained,  this  being  apparently 
lue  to  the  greater  development  of  clay  in  that  region,  though  no  complete  logs  have  been  kept, 
rhe  well  at  the  Inland  Crystal  Salt  Company's  works,  in  which,  at  a  depth  of  560  feet,  water 
^as  struck  which  rises  about  9  feet  above  the  surface  and  flows  about  10  gallons  a  minute, 
H  reported  720  feet  deep.  Underground  water  in  the  Pleistocene  deposits  near  the  lake 
•x>ntains  considerable  salt. 

EAST  OF  JORDAN  KIVER. 

East  of  Jordan  River  the  occurrence  of  underground  water  will  be  described  under 
he  following  heads:  Salt  Lake  City,  lowland  area  .south  of  Salt  Lake  City,  and  upland 
irea  south  of  Salt  Lake  City. 

SALT   LAKE   CITY. 

Salt  Lake  City  is  built  principally  on  the  floor  of  the  main  valley,  but  its  outskirts 
'Xtend  northward  on  the  old  delta  of  City  Creek  and  eastward  on  the  benches  at  the  base 
»f  the  Wasatch  Mountains.  Adjacent  to  the  highlands  the  underlying  deposits  are  very 
rregular  in  composition  and  distribution,  consisting  of  sand  and  gravel  with  inter(*alated 
treaks  of  clay.  But  toward  the  valley  proper  the  conditions  become  more  regular  and 
he  prevailing  clay  is  interbedded  with  sand  and  gravel,  though  from  the  records  obtained 
lo  definite  sequence  appears  to  be  applicable  to  any  considerable  area. 

In  the  lower  part  of  the  city  marshy  areas  occur,  but  conditions  there,  have  been  much 
mproved  since  the  early  days  of  settlement.  Formerly  the  lower  channels  of  City,  Red 
3utte,  Emigration,  and  Parleys  creeks  were  ill  deflned  and  at  high-water  stage  the  part 
>f  the  city  adjacent  to  Jordan  River  was  a  great  slough.  But  by  erecting  embankments, 
)y  confining  the  creeks  to  definite  channels,  and  by  draining  the  western  part  of  the  city 
nuch  of  the  swampy  land  has  been  rectlaimed.  Shallow  ground  water,  except  on  the 
>enches,  generally  lies  within  10  feet  of  the  surface. 

The  line  separating  flowing  and  nonflowing  wells  skirts  the  lower  benches,  so  that  in 
he  larger  part  of  the  area  occupied  by  the  city  artesian  wells  are  obtained.     Flows  are  found 


a  Boil  survey  in  Salt  Lake  Valley:  Bull.  U.  S.  Dept.  .\gric.  No.  64,  1900.    RedamatiOD  of  AlkaU 
inds:  Fifth  Rept.  Bureau  of  Soils,  1903,  p.  1144. 
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at  diflferent  horizons  from  almut  50  feet  downward,  a  common  depth  of  wells  being  between 
100  and  300  feet.  The  deepest  well  is  that  of  the  Rio  Grande  Western  Railway  Company 
near  its  station,  the  record  of  which  appears  on  page  42.  This  well  is  4  inches  in  diameter 
and  1,073  feet  deep.  It  was  put  down  in  1895  and  15  horizons  were  {Missed  through  from 
which  flows  were  obtained.  At  a  depth  of  1,048  feet  the  greatest  flow  occurred,  amounting 
to  78  gallons  a  minute  at  4  feet  above  the  surface  and  to  37.5  gallons  at  25  feet  tlwvr. 
The  most  notable  group  of  wells  in  this  vicinity  is  that  put  down  by  Salt  Lake  City  adjoining 
Liberty  Park.  There  are  16  or  more  of  these  ranging  from  2  to  9  inehes  in  diameter  and 
from  100  to  600  feet  in  depth.  About  half  a  dozen  different  water-bearmg  horizons,  earh 
furnishing  a  flow,  are  said  to  have  been  encountered  in  driving  the  welk.  The  greatest 
pressure  reported  caused  the  water  to  rise  in  a  pipe  35  feet  above  the  surface.  Dischaige 
measurements,  as  furnished  by  the  city  engineer,  are  given  in  the  following  table: 

Discharge  of  city  ivdht  near  Liberty  Parky  Salt  Lake  City. 


Date  of  measurement. 


No.  of 
well.  ! 


Diam- 
eter. 


Aug.  10. 
1890. 


July  17 
1900. 


I  Sept.  29. 
1902. 


No.  of    Diam- 
I  well.  I   eter. 

! 


Date  of  measurement. 


Aug.  10,  I    July  17, 


I- 


1890 


I 


1... 
2... 
3... 
4... 
5... 
6... 
7... 
8... 


Inches. ' 

9  \ 

8  ! 
r  8  : 
I  8 

1    ^: 

2| 
2  ,' 


Gallons.  \ 
201.600  , 
180.000 

279,132 

I 

59,040 
14,400  ' 
16,000 
27,000 
64,000  \ 


Gallons .    \ 

120,000  ^ 

297,000  I 

280,000  I 

215.000  I 

5,000 

10.000 

1.000 

500 

25,000 


Gallons. 
96,941 
60.588 
302.940 
193,882 
11,450 
5.876  1 
610  ' 
206  I 
19,784  i 


i  10.... 
■ 
11.... 

;  12.... 

,  13.... 
1  14.... 

1  ''•■ 
16.... 


'  Inches.  I  Gallons.  . 

43,200 

33.230  ' 

3«.000 

54.000  I 


1900. 

Gallons. 
38,000 
19.000 
16,000 
35,000 
18,000 
98,000 
0,000 


Sept.  29. 1 
1902. 


•  OaUffU. 

35,644 

15.»2 

14,213 

I    20,636 

I    13,316 

I    36,172 

2,844 


097,602  1     1,183,500  '  830.993 


In  the  immediate  vicinity  of  these  wells  there  are  a  number  of  springs  whose  supply  is 
maintained  chiefly  by  seepage.  The  combined  flow  from  these  springs  and  wells  is  esti- 
mated to  amount  to  a  maximum  of  2,500,000  gallons  a  day.  In  order  to  utilize  this 
supply  in  the  city  mains  a  pumping  plant  would  have  to  be  installed,  and  a  further  dis- 
advantage is  the  doubtful  quality  of  the  water.  At  present  this  source  is  used  for  street 
sprinkling  and  for  feeding  the  lake  in  Liberty  Park  (Pi.  I). 

In  the  northern  part  of  Salt  Lake  City  several  thermal  springs  occur,  the  roost  conspic- 
uous of  which  are  the  hot  and  warm  springs.  The  hot  springs  issue  at  a  temperature  of 
about  130°  from  the  Wasatch  limestone  at  the  western  end  of  the  spur  of  the  mountains, 
with  a  discliarge  of  al)out  three-fourths  second-foot,a  and  flow  into  Hot  Springs  Lake. 
The  warm  springs  issue  from  unconsolidated  deposits  at  the  base  of  the  spur  about  2  miles 
southeast  of  the  hot  springs.  The  water  is  pumped  to  a  slight  elevation,  from  which  it  ii 
piped  to  a  sanitarium,  the  amount  delivered  l)eing  report<»d  to  average  350  gallons  a  minute. 
The  temperature  is  118°  at  tlie  springs  and  al)out  100°  at  the  sanitarium.  Several  other 
similar,  hut  less  important,  springs  occur,  associated  with  the  great  Wasatch  fault,  along 
the  base  of  the  mountains  between  hot  and  wann  springs. 

The  municipal  water  supply  of  Salt  Lake  City  is  derived  from  mountain  streams  and  dis- 
tributed through  city  mains.  From  this  source  there  is  an  excellent  supply  of  pure  water 
under  good  pressure.  The  chief  near-l)y  available  streams  are  City,  Red  Butte,  Emigra- 
tion, Parleys,  Mill,  Big  Cottonwood,  and  Little  Cottonwood  creeks.  The  discharges  of 
some  of  these  are  given  on  pages  19-22.  None  of  these  except  City  Creek  is  entirely  con- 
trolled by  the  city.  Red  Butte  Creek  is  reserved  for  the  army  post  at  Fort  Douglas,  Emigra- 
tion and  Parleys  creeks  partly  contribute  to  the  city  supply , and  the  others  are  used  entirely  for 


o  Measured  by  X.  ¥ .  DoTe\uu&. 
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ition  and  domestic  purposes,  under  water  rights  owned  by  farmers.  In  order  for 
Lake  City  to  utilize  these  streams  it  must  buy  the  water  rights  or  exchange  with  the 
lers  an  equivalent  amount  of  water  obtained  either  from  Utah  Lake  or  from  pumping 
ts. 

le  present  public  supply  accordingly  is  obtained  from  City,  Parleys,  and  E^igra- 
creeks.  TTie  watershed  of  City  Creek  is  protected  from  forest  fires  and  from  contam- 
ion,  and  msny  of  its  springs  are  developed.  The  flow  is  distributed  from  settling  tanks 
'  the  mouth  of  the  canyon  and  from  a  reservoir  on  Capitol  II ill  having  a  capacity  of 
poximately  1,000,000  gallons.  Tlie  surplus  waters  of  City  Creek  are  allowed  to  escape 
•ugh  flood  ditches.  Water  from  Parleys  Creek  to  the  extent  of  81.8  per  cent  of  its  flow 
been  obtained  by  Salt  Lake  City  in  exchange  for  an  equivalent  amount  of  water  from 
h  Lake  delivered  through  the  Jordan  and  Salt  Lake  City  canal.  A  settling  reservoir, 
ling  somewhat  less  than  1,000,000  gallons  has  been  constructed  at  the  mouth  of  Parleys 
yon,  whence  the  water  is  conducted  through  a  concrete  conduit  to  a  storage  reservoir 
I  a  capacity  of  about  5,000,000  gallons  situated  on  Thirteenth  East  street.  An  addi- 
al  supply  is  obtained  from  a  trench  in  the  bed  of  Emigration  Creek  half  a  mile  alx>ve 
mouth  of  the  canyon.  This  trench  is  approximately  LTO  feet  long,  10  feet  wide,  and 
%t  deep.  It  was  dug  in  sand  and  gravel  in  the  bed  of  the  cre^k  and  at  right  angles  to 
uurse.  A  supply  estimated  to  amount  to  1 ,000,000  gallons  a  day  is  thus  obtained,  which 
ped  to  the  Thirteenth  East  street  reservoir. 

0  direct  rec6rd  is  kept  of  the  amount  of  water  used  by  Salt  Lake  City,  but  discharge 
surements  of  the  creeks  at  the  mouths  of  the  canyons  show  tlie  amount  available. 
is  insufficient  during  the  dry  months  and  the  use  of  water  is  restricted  to  a  per  capita 
umption  of  120  gallons  a  day,  although  it  is  considered  desirable,  in  this  dry  climate, 
*e  lawns  and  gardens  have  to  be  irrigated,  to  maintain  a  per  capita  supply  of  approx- 
ely  300  gallons  a  day.  It  is  planned  to  obtain  in  the  immediate  future  a  portion  of  the 
of  Big  Cottonwood  Creek,  by  exchanging  therefor  water  from  Jordan  River,  delivered 
ugh  the  City  canal,  as  is  being  done  in  the  case  of  Parleys  Creek,  and  to  make  the  new 
ily  available  by  constructing  a  pipe  line  from  the  mouth  of  Big  Cottonwood  Canyon  to 
south  of  Parlejrs  Canyon,  a  distance  of  about  7  miles. 

SOUTH   OF   SALT   LAKE   CITY. 

^tdand  area. — It  will  be  convenient  to  divide  the  area  south  of  Salt  Lake  City  into  a 
ind  and  an  upland  portion,  taking  as  the  dividing  line  that  which  separates  flowing 
nonflowing  wells.  PI.  VIII  shows  that  this  line  extends  contiguous  to,  but  l)elow, 
lordan  and  Salt  Lake  City  canal  as  far  as  Little  Cottonwood  Creek,  after  cnissing 
h  it  turns  westward  to  the  flood  plain  of  Jordan  River.  The  lowland  area  is  traversed 
irleys.  Mill,  Big  Cottonwood,  and  Little  Cottonwood  creeks,  which  flow  in  open  valleys, 
broad  and  low  intervening  divides.  The  general  a.spcct  of  the  country  is  that  of  a 
tly  dissected  plain  that  rises  gently  toward  the  upland  terraces.  This  area  is  relatively 
ly  populated,  and  intensive  farming  is  widely  practiced. 

e  detailed  character  of  the  underlying  lake  sedimentjs  is  not  satisfactorily  known,  but 
the  well  records  conditions  appear  to  Imj  similar  to  those  found  elsewhere  in  the 
under  consideration.  Beneath  the  lowlands  the  stratigraphy  is  more  uniform  than 
T  the  base  of  the  mountains;  line-textured  sediments  are  more  abundant  than  coarse, 
:lay  predominates.  But  a  compari.son  of  available  well  records  fails  to  establish  a 
lation  between  the  different  beds  of  sand  and  gravel  throughout  the  lowland.  Well 
rs  state  that  all  logs  arc  different,  and  yet  that,  on  the  whole,  general  .sections  persist 
3rtain  areas  in  which  the  differences  are  minor.  It  is  believed  that  the  sediments 
toward  Jordan  River  at  about  the  same  angle  as  doe.s  the  surface.  The  In^st-defined 
nee  that  has  been  reported  occurs  immediately  south  of  Salt  Lake  City,  where  in 
al  light-colored  clay  at  the  surface  overlies  blue  clay  ranging  from  30  to  70  feet  in 
less,  beneath  which  water-bearing  sands  and  graveVs  occwt  «A,  «t  ^«^W  <A  ^iicsav\\*  \^*^ 
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feet.  At  greater  depths  the  HUecession  appears  to  be  more  variable,  but  there  are  fev 
satisfactory  well  records. 

Ground  water  now  lies  within  10  feet  of  the  surface  over  practically  the  entire  lowtand 
area,  but  it  is  reported  that  in  the  early  days  it  did  not  lie  so  near  over  so  large  an  am. 
Present  conditions  are  lai*gely  due  to  irrigation.  Several  old  residents  state  that  belov 
the  level  of  the  Jordan  River  canals  the  ground-water  surface  has  locally  risen  40  or  50 
feet  since  their  construction.  It  has  already  been  mentioned  that  along  several  of  the 
drainage  ways  seepage  water  reappears  at  the  surface  and  occasionally  forms  coosidenbie 
streams,  as  at  Spring  Creek  near  its  junction  with  Big  Cottonwood  Creels,  wh^re  theSepten- 
l)er  flow  is  estimated  to  amount  to  14,000,000  gallons  a  day.  In  many  places  also,  eepeHaSy 
along  the  bases  of  benches,  lines  of  seep  springs  oc(*ur  that  furnish  considerable  flows,  t 
notable  occurrence  being  those  at  the  nursery  in  the  southeastern  part  of  Salt  Lake  Citj. 
But  locally,  as  along  the  blufT  east  of  Jordan  River,  north  of  the  Bingham  JuoctioB 
smelters,  the  water  appears  at  so  low  an  elevation  as  to  be  of  comparatively  little  use. 
When  pumping  becomes  more  generally  practiced  in  the  valley  this  ground  water  that  lies 
so  near  the  surface  can  be  easily  developed. 

Flowing  wells  in  this  area  are  numerous.  They  are  generally  2  inches  in  diameter  and 
100  to  400  feet  in  depth,  and  they  commonly  yield  between  20  and  50  gallons  a  miDUte, 
though  there  are  many  variations.  The  pressure  is  low,  generally  less  than  10  pounds. 
Well  drivers  say  that  their  best  results  are  obtained  in  belts  extending  northwest  and 
Houtheiist,  parallel  with  the  creeks,  and  that  these  productive  belts  are  separated  by  rela- 
tively barren  ones.  The  water-bearing  sands  and  gravels  apparently  mark  the  courew 
of  old  waterways,  while  finer-textured  material  was  deposited  in  the  intervening  aiws 
These  distinctions  have  l)een  noticed  only  in  the  upper  parts  of  the  lowland  area,  and  near 
the  river  they  are  said  to  disappear.  One  of  the  best  wells  is  at  the  plant  of  the  Ameriran 
Smelting  and  Refining  Company  at  Murray.  It  is  4  inches  in  diameter,  400  feet  deep, and 
is  reported  to  flow  al)out  400  gallons  a  minute  under  a  pressure  of  3  pounds  per  square  inch. 
The  record  of  tliis  well  is  given  as  follows,  on  the  authority  of  II.  F.  Yeager,  well  driller: 


Record  of  American  Smeltiiuf  and  Refining  Company^s  tPtU  at  Murray. 


Thifkne.ss    Depth 

in  feet,  in  foot. 

Sand  and  gravel 5  0-5 

Mud 3  5-8 

Sand  and  gravel 4  8-12 

Blue  Hay 6  12-18 

Quicksand 10  18-28 

Blue  clay 8  28-36 

Loose  sHiid  and  gravel  (good 

pump  well  at  42  feet) 16  .%  52 

Ahiv  clrtv 8  52  60 

Quickvand  (flow  at  63  feet) . .  .  6  60  ()(> 

Blur  rliiy 18  6<)  84 

Yellow  clay 6  8^1  90 

I^M)sc  sand  and  gravel  (strong 

flow  at  95  feet) 15  90  105 

Yellow  elay 3  105  108 

Coarse  gravel  and  nuk  (strong 

flow  at  1 12  feet,  and  at  this 

point    the    well    at    oflice 

stopp<'d  flowing) 8  108-1 16 

Coarse  gravel  and  nx'k 6  1 16  122 

Quicksand 20  122-142 

Clay,  very  hard 10  142-152 

Quicksand 6  152-1.^ 

Grave]  (bwhU  How  At  165  feet)  11  158-16^  \ 


Thickness 
in  feet. 

Hard  pan,  very  hard 8 

Blue  clay 6 

Quicksand  (flow  at  203  fe<«t)..  20 

Quicksand 16 

Blue  clay 4 

Quicksand '. 7 

Blue  clay 8 

Quicksand 18 

Blue  clay  and  quicksand  in 

layers  2  feet  thick 22 

Quicksand 8 

Blue  elay,  very  hard 12 

River  sand 2 

River  sand 7 

Cemented  gravel 12 

Yellow  clay 7 

Cemented  gravel 17 

Ixoose  gravel 23 

Yellow  clay 2 

(Iravel 7 

Cemented  gravel 12 

Loose  gravel 12 


Depth 

intet. 
169-177 
177-183 
183-203 
203-219 
219-223  I 
223-230 
230-238 
238-296 

256-278 
27^286 
286-298 
298-300 
300-307 
307-319 
319-326 
326-343 
343-366 
366-368 
36g-375 
375-387 
387-399 


OCCURRENCE    OF    UNDERGROUND    WATER.  47 

Decrease  in  flow  and  complete  failure  of  some  wells  are  reported  throughout  this  area 
id  are  especially  apparent  in  the  vicinity  of  Murray.  These  results  arc  directly  traceable 
>  the  increased  number  of  wells  that  have  been  sunk  in  recent  years  and  to  the  fact  that 
ttle  economy  is  exercised  in  the  use  of  the  water.  Well  owners  should  more  fully  realize 
lat  the  limited  water  supply  comes  from  a  common  source,  that  the  wastefulness  of  one 
ounteracts  the  prudence  of  another,  and  that  the  common  interest  of  all  demands  that 
be  supply  be  conserved. 

UpUmd  area. — The  upland  south  of  Salt  Lake  City  includes  the  area  lying  between  the 
lase  of  the  Wasatch  and  Traverse  mountains  and  the  area  in  which  flowing  wells  can  be 
obtained.  This  region  is  characterized  topographically  by  the  abundance  and  perfection 
)f  development  of  shore  phenomena  which  mark  different  stages  in  the  history  of  Lake 
Bonneville.  As  on  the  western  side  of  the  valley,  the  upland  is  in  general  a  plain  that 
rises  toward  the  base  of  the  mountains,  but  is  interrupted  by  benches  and  escarpments 
and  deeply  cut  by  the  creeks  flowing  from  the  Wasateh  Mountains. 

The  Bonneville  terrace  extends  along  the  mountains  like  a  narrow  shelf,  its  horizontal 
lines  contrasting  strongly  with  the  deep,  vertical  furrows  on  the  mountains.  Broad  deltas 
formed  by  the  larger  creeks  at  the  Provo  stage  extend  down  to  the  lowlands,  and  successive 
escarpments  mark  halting  places  in  the  retreat  of  Lake  Bonneville.  The  most  prominent 
of  ill  the  shore  phenomena  in  the  area  covered  by  this  report  is  the  great  embankment  at 
the  point  of  the  mountains  east  of  Jordan  Narrows.  Here  the  waves,  gaining  energy  from  the 
wide  expanse  of  the  old  lake,  carved  a  great  sea  cliff  against  the  mountains  and  distributed 
the  debris  to  form  an  enormous  accumulation  of  sand  and  gravel. 

Prominent  local  features  of  this  upland  belt  are  the  relics  of  glaciers  adjacent  tx>  the  mouth 
of  Little  Cottonwood  Canyon  and  the  evidences  of  recent  faulting  along  the  base  of  the 
noountains.  Little  Cottonwood  Creek  in  Pleistocene  time  was  occupied  by  a  glacier  which 
carved  a  broad  U-shaped  valley  and  deposited  lateral  and  terminal  moraines  composed  of 
»  heterogeneous  mass  of  coarse-  and  fine-textured  debris.  Along  the  entire  front  of  the 
Wasatch  Mountains  Gilbert  has  found  indications  of  recent  dislocation  associated  with  the 
freat  Wasatch  fault.  The  evidence  is  varied,  but  escarpments  in  unconsolidated  material 
creaking  the  even  trend  of  alluvial  slopes  are  conspicuous. 

The  underlying  deposits  of  the  upland  are  mostly  coarse  textured,  being  near  their  origin, 
iJd  consist  chiefly  of  sand  and  gravel.  The  creeks,  where  they  have  cut  deeply,  expose 
ood  sections,  but  few  deep-well  records  were  obtained. 

This  region  in  general  is  thinly  populated,  but  where  water  is  available  there  are  settlements, 
od  wherever  the  canals  extend  there  are  thriving  farms.  The  contrast  Ix^tween  the 
3unshing  area  which  is  supplied  with  water  and  the  dry,  barren  region  is  striking.  The 
ap  shows  the  distribution  of  the  principal  canal  systems,  which  are  supplied  by  the  several 
eeks  that  flow  from  the  Wasatch  Mountains  and  by  Jordan  River.  Underground  water 
used  only  to  a  limited  extent.  PI.  VI  and  the  list  of  wells  illustrate  conditions.  Under- 
ound  water  is  recovered  chiefly  in  the  lower  (western)  part  of  the  upland,  where  it  lies  at 
pths  ranging  from  the  surface  to  50  feet  below.  In  this  productive  area  both  dug  and 
iven  wells  are  used.  The  driven  wells  are  commonly  50  to  200  feet  in  depth,  and  water 
generally  found  beneath  a  bed  of  clay  in  sand  or  gravel  under  sufficient  pressure  to  cause 
to  rise  within  pumping  distance  of  the  surface. 

In  the  eastern  part  of  the  upland  area  ground  water  generally  lies  at  a  greater  depth  than 
•  feet  below  the  surface,  and  in  a  number  of  places  has  not  been  found  in  twt  wells  over 
0  feet  deep.  In  this  (eastern)  division  of  the  upland,  where  the  greater  part  of  the  valley 
posits  are  coarse  textured,  the  ground  water  sinks  deep  before  a  relatively  imper\'ious 
d  is  encountered,  and  then  it  tends  to  move  to  the  lower  part  of  the  valley.  Away  from 
e  influence  of  seepage  from  the  creeks  little  water  is  supplied  to  this  area.  Between  the 
eeks  the  chief  source  of  supply  is  seepage  from  the  mountains.  The  most  likely  localities 
r  sinking  wells  are  along  the  courses  of  waterways,  but  over  a  large  part  of  the  upland  the 
ospect  is  poor  for  obtaining  underground  water  in  quantity  wllhlu  eaa.^  t%«ji^  ^  \X:u^«aft-  1 
ze.    In  the  mouths  of  the  canyons  there  is  the  chance  ol  deN€\o^\i^^  V)ca  '^o^Df^RsAssft  \r 
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subsurface  dams  or  by  tunnels,  mentioned  on  page  40.  Other  favorable  localities  for  pros- 
pecting are  adjacent  to  the  base  of  the  mountains,  where  water  may  be  had  by  dcvelopiDg 
springs  and  by  tunneling  into  the  bed  rock. 

Seep  springs  occur  at  several  localities  along  the  base  of  the  mountains  south  of  Salt  Like 
City,  the  most  important,  perhaps,  being  those  about  midway  between  Mill  and  Big  Cotlon- 
W(Kxl  canyons.  The  feeble  springs  there  issuing  from  sand  and  gravel  were  formerly  allowed 
to  go  to  waste,  but  by  developing  them  a  flow  of  about  2  second-feet  was  obtained,  and  a 
considerable  tract  of  land  thus  b(K!aroe  available  for  agriculture.  Alx)ut  4  miles  southwest 
of  the  town  of  Draper,  in  sec.  12,  T.  4  S.,  R.  1  \/.,  at  some  distance  from  the  Inise  of  the 
mountains,  there  are  four  warm-water  lakes  that  are  fed  by  springs,  some  of  which  arp  said 
to  be  quite  hot.  The  westernmost  of  the  group  is  the  laigest  and  covers  an  area  of  about  5 
acres.     The  temperature  is  reported  to  remain  at  about  70°  the  year  round. 

Since  underground  water  is  so  scarce  beneath  the  upland,  the  most  efficient  manner  of 
developing  this  area  appears  to  be  by  the  use,  as  suggested  above  (p.  38),  of  creek  water  in 
high-level  canals  to  a  greater  extent  than  is  now  practiced. 

UTAH  LAKB  TALLST. 

The  following  description  of  the  occurrence  of  underground  water  in  the  valley  of  Utah 
Lake  begins  at  the  north  and  proceeds  east,  south,  and  west  around  the  lake,  the  several 
towns  affording  subheadings  for  convenient  reference.     (PI.  VllL) 

LEHI   AND   VICINm-. 

Lehi  is  situated  in  the  main  valley  at  some  distance  from  the  distinct  terraces.  Dry 
Creek  lies  adjacent  to  the  town,  but,  as  its  name  signifies,  the  creek,  after  supplying  a  num- 
ber of  irrigation  ditches,  usually  carries  little  or  no  water  in  its  lower  course.  There  is  no 
public  wat^r  system  in  the  town,  and  the  supply  for  domestic  purposes  is  derived  from 
numerous  wells.  A  few  shallow  dug  wells  tap  ground  water  at  depths  of  5  to  30  feet,  but 
the  majority  are  deeper  and  reach  water  under  pressure.  The  sugar-plant  mill  pond  is  fed 
by  springs  and  is  an  important  local  source  of  supply. 

Lehi  was  one  of  the  first  towns  where  artesian  water  was  found  in  the  Bonneville  area, 
flowing  wells  having  been  obtained  there  about  1880.  Formerly  a  feeble  first  flow  was 
found  in  gravel  about  60  feet  from  the  surface  and  a  stronger  supply  at  a  depth  of  about 
160  feet,  but  in  recent  years  flows,  even  from  the  secx>nd  horizon,  have  failed  during  part 
of  the  season  in  consequence  of  the  increased  use  of  artesian  wells  in  the  area  nearer  the 
lake,  and  at  times  pumping  has  to  be  resorted  to.  However,  when  water  does  not 
actually  flow  it  rises  in  the  wells  to  within  a  few  feet  of  the  surface. 

The  general  section  in  the  vicinity  of  Lehi,  as  reported  by  H.  C.  Comer,  shows  blue  clay 
to  a  depth  of  50  or  60  feet.  Below  this  is  the  first  water  bed,  consisting  of  about  50  feet 
of  sand  and  gravel,  separat-ed  from  the  second  water  horizon  by  40  feet  of  light  clay.  This 
section  d(M^s  not  apply  in  the  eastern  part  of  the  town,  where  the  log  of  the  San  Pedrt>  Rail- 
road well  shows  coarse-textured  material  within  100  feet  of  the  surface.  In  this  well  the 
main  supply  is  derived  from  a  depth  of  Ji30  feet,  the  wat<»r  rising  to  within  a  few  feet  of  the 
surface.     These  two  logs  illustrate  the  variability  of  adjacent  sections. 

The  Utah  Sugar  Company's  plant  at  Lehi  has  several  2-inch  wells,  and  the  following  flows 
in  gallons  per  minute  an'  reported:  80  feet,  lo  gallons;  120  feet,  25  gallons:  150  feet,  20 
gallons.  Logs  of  these  wells  were  not  kept.  The  Rio  (irande  Western  Railway  well  near 
the  sugar  fartory  is  3  inche»s  in  (lianiet<'r  and  1()5  feet  deep.  The  water  is  reported  to  rise 
in  a  pipe  to  a  [)oiiit  30  feet  alx>ve  the  surfac(>  and  to  flow  alx)ut  50  gallons  a  minute  at  the 
level  of  the  ground. 

Toward  Utah  Lake,  below  Lehi,  there  is  a  considerable  development  of  flowing  welk 
from  which  a  number  of  square  miles  art>  irrigated.  In  this  district  there  are  several 
hundred  flowing  wells  which  average  about  150  feet  in  depth.  A  close  relationship  has 
been  established  between  the  flow  of  the  wells  in  the  fields  below  Lehi  and  those  in  town. 
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ring  the  irrigation  season,  when  the  field  wells  are  all  flowing,  those  in  Lehi  practically 
p,  but  during  the  winter  it  is  a  general  custom  to  plug  the  wells  used  for  irrigation,  after 
ich  those  in  town  begin  to  flow.  Measurements  have  not  been  made,  but  the  general 
ts  are  well  established. 

Northwest  of  Lehi  the  line  separating  the  areas  of  flowing  and  nonflowing  wells  continues 
Jordan  River,  reaching  it  3  to  4  miles  north  of  Utah  Lake.  The  line  extends  about  half 
nilp  west  of  the  river  and  approaches  close  to  the  northwest  comer  of  the  lake  near  Sara- 
;a  Springs.  In  the  flood  plain  of  Jordan  River  flows  can  probably  be  obtained  continuing 
o  Salt  Lake  Valley,  but  outside  of  the  line  indicated  the  surface  elevation  is  too  great, 
rhe  Salt  Lake  City  authorities,  about  1890,  sank  a  number  of  wells  in  the  flood  plain  of 
rdan  River  in  sec.  12,  T.  5  S.,  R.  1  W.,  with  the  object  of  increasing  the  supply  of  the 
^dan  and  Salt  Lake  Canal.  These  wells,  about  130  in  number,  were  mostly  2  inches  in 
ineter,  thou^  a  few  were  6  inches,  and  are  said  to  average  100  feet  deep.  Clay  was 
x>untered  down  to  the  bottom  of  the  wells,  wliich  were  in  gravel.  It  Ls  stated  that 
ter  rose  in  pipes  30  to  40  feet  above  the  surface,  and  that  individual  wells  flowed  125 
Qons  a  minute.  It  is  also  stated  that  the  combined  flow  amounted  to  3,000,000  gallons 
lay.  These  wells  soon  interfered  with  neighboring  ones,  stopping  their  flow,  and  suit 
B  brought  against  the  city,  with  the  result  that  the  municipality  was  compelled  to  plug 
its  wells.  After  these  had  been  plugged  for  some  time  a  number  of  them  were  tempo- 
ily  opened,  and  in  about  twenty-four  hours  thereafter  the  wat^r  in  one  of  the  wells,  the 
w  of  which  was  interfered  with,  situated  about  half  a  mile  above  the  city  wells,  had  fallen 
feet.  The  city  wells  were  then  capped  again  and  in  five  hours  the  water  in  the  well 
erred  to  had  regained  7  inches  of  its  lost  level. 

Near  the  northwestern  end  of  Utah  Lake  there  \h  a  group  of  hot  springs  which  occur  Iwth 
shore  and  in  the  lake.  On  the  shore  there  are  several  springs  which  support,  the  Saratoga 
»rt  where  the  water,  having  a  temperature  of  111°,  Issues  through  the  lake  deposits  and 
used  for  bathing  and  to  a  limited  extent  for  irrigation.  In  the  summer  of  1904,  during 
p  survey  of  Utah  Lake  by  G.  L.  Swendsen  of  the  Reclamation  Service,  three  groups  of 
rings  were  found  beneath  the  water  of  the  lake.  Their  existence  was  shown  by  the  pres- 
re  of  depressions  occupying  areas  of  100  square  feet  to  3  acres  in  extent  and  having  depths 
20  to  80  feet.  Since  the  prevailing  depth  of  the  lake  Ls  much  less  and  the  bottom  is  com- 
sed  of  slimy  mud,  a  considerable  discharge  is  thus  indicated.  Hot  water  that  flowed 
ore  the  lake  surface  was  obtained  by  sinking  pipes  a  short  distance  into  the  bottom. 
About  5  miles  up  Dry  Creek  from  Lehi  is  the  town  of  Alpine,  located  near  the  mouth  of 
;  canyon  on  the  dissected  Bonneville  terrace.'  The  settlement  is  supplied  with  water 
•m  irrigation  ditches,  and  possibly  not  more  than  half  a  dozen  welLs  have  been  sunk, 
ese  are  25  to  80  feet  deep,  and  the  water  level  Ls  reported  to  vary  considerably  between 
ater  and  summer.    Springs  occur  in  Dry  Creek  Canyon,  hut  they  have  not  been  developed. 

♦  AMERICAN    FORK,  PLEASANT   OROVE,  AND    VICINITY. 

rhe  towns  of  American  Fork  and  Pleasant  Grove  receive  their  main  water  supplies, 
pectively,  from  American  Fork  and  from  Battle  and  Grove  creeks.  These  streams 
d  a  number  of  irrigation  canals,  and  are  the  chief  source  of  underground  water  in  this 
inity.     (PI.  IX,B.) 

American  Fork  is  built  at  the  base  of  a  .series  of  terraces  on  both  sides  of  American 
rk  (creek),  which  has  cut  a  narrow  channel  through  the  old  lake  deposits.  Ascending 
?  valley  from  American  Fork,  five  distinct  terraces  can  lx»  traced  up  to  the  broad  Provo 
ach,  between  which  and  the  Bonneville  level,  which  forms  a  shelving  bench  against  the 
(untains,  traces  of  shore  lines  of  pre-Bonneville  agi^  have  been  reported.  In  its  lower 
irse  American  Fork  is  dry  throughout  most  of  the  year  in  con.se(juen<*c  of  the  draft 
on  its  waters  for  the  canal  system  which  supplies  the  uplands. 

^haUow  wells  in  American  Fork  are  commonly  less  than  50  feet  in  depth,  averaging 
«ibly  25  to  30  feet,  and  the  ground-water  level  is  reported  to  vary  10  to  15  feet  betv^^    J 
>  winter  minimum  and  summer  maximum.    The  water  genei^W^  \a  loNXcAm^g^^j^^  ^ 
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IVop  wf'lls  IiHve  lK»«»n  sunk  in  tho  ex!n»mo  southwoNtem  |»rt  of  thr  town  in  search  of 
(Icming  water.  Thr  watrr  rises  in  thrsr  nearly  to  the  surface,  and  furnishes  the  main  >i]p- 
ply  for  (lomtvtic  pur]Kises.  Well  nn'ords  sliow  a  variahle  suceession  of  sand  and  ^vfL 
with  eoMiparatively  little  <'lay.  The  eity  well  is  typical,  and  pmlmbly  is  the  dfM>pcst  in 
this  vicinity.  It  is  44()  fwt  deep  and  6  inches  in  diameter.  Two  principal  wutrr  h<jri- 
zons  are  n»|)orted,  at  24()  and  340  fei't,  and  the  wat^r  stands  in  the  well  at  a  depth  t»f'22 
fiM't.  An  electric  motor  pump  supplit^  water  for  pubUc  purposes,  }>ut  then-  is  no  watrr- 
works  system.     Individual  families  or  groups  of  familii's  maintain  their  own  welU. 

'Hie  line  separating  the  areas  of  nf>wing  and  nonflowing  wells  as  niapp«Hl  Iviween  lAi 
and  IMeasant  (Inive  li(»s  contiguous  to  the  San  Pedro  Railroad,  and  here,  as  elsewhw. 
groimd  water  commonly  li<»s  within  10  feet  of  the  surface.  Extensive  areas  of  mapjhj 
land  lie  contiguous  to  the  lake  shorty  where  conditions  have  grown  worse  since  the  intro- 
duction of  irrigation.  The  flowing  wells  in  this  vicinity  var>'  in  depth,  but  are  commnnly 
alnMit  l(K)  feet  dee]).  As  Utah  Lake  is  approached  more  nearly  uniform  conditioK  iff 
H'vealed  by  the  logs.  Clay  is  commonly  present  at  the  surface  and  continues  tot  depth 
of  *.K)or  KM)  feet,  Im'Iow  whi<'h  the  water-l)earing  gravel  occurs.  In  the  deeper  weDHiliff- 
nating  sand,  clay,  and  gravel  are  n^portcd  l)elow  the  first  gravel,  and  flows  are  obtaimd 
from  own'  conrs<'-tcxtuix*d  IhhI.  One  of  the  l)est  wells  in  this  vicinity  iei  in  sec.  23,  T.5 
S.,  H.  1  K.  It  is  147  fe<'t  dovp,  2  inches  in  diameter,  and  throws  a  stmun  3  feet  8  inrbcs 
al)(>v(>  the  pi|H>,  having  a  capacity.  then>fore.  of  al)Out  LtO  gallons  a  minute. 

A  disturU'd  U'lt  of  ro<'ks,  dipping  eastward,  and  locally  coven»d  by  d^ris,  lire  wtf 
the  f(K>t  of  tlu»  Bonneville  terrace  In^tween  American  F'ork  and  Grove  ereeka.  Spriitf 
occur  at  alM>ul  this  horiz<ni,  and  ph»specting  for  water  in  this  l)elt,  in  sec.  17,  T.  5S.,  R- 
2  K.,  has  brought  notable  nvsults.  William  Wadley  &  Sons,  by  tunneling  into  bed,p>.i. 
have  «levclojM'<l  enough  water  to  irrigate  a  numlMT  of  ac'n-s  of  fnnt  land,  which  Lshriiigin? 
in  hardsome  returns.  Several  timncls  have  U^en  dug,  the  most  important  of  which  li>«' 
about  200  feet  Ih'Iow  the  Bonneville  level  and  was  driven  31S  feet  through  black  "hslp 
into  broken  and  <avcnunis  gniy  limttstone,  in  which  the  water  <KTurs. 

lMeu.M»n1  (ir<>vj»  is  h»eat«'d  on  alluvial  slo]x»s  formed  by  Battle  and  Cirove  cm-k-^.  h 
sit u«! inn  is  so  liigli  that  flowing  wells  can  1h»  obtained  only  in  the  «'xtrcme  lower  pan  li 
the  town,  which  (Icih'IuIs  for  its  chief  underground  .supply  <»n  wells  from  which  water k* 
\n  Im*  puin|XMl.  (innnid  water  can  usually  1m'  olitained  at  10  to  TjO  feet  fnmi  the  surfao'. 
,\«»  iTirnliir  MMjueiUM'  of  <leposits  underlie^  the  town,  but  a  variable  suc<*ession  of  clay,  ^an(l, 
and  gravrl  is  «Mn'ounter<Ml  in  wells,  the  water  horizon  usually  iH'ing  underlain  by  clay.  Ic 
the  snuthcasterii  part  of  Pleasant  drove  no  succes.'^ful  wells  have  yet  lx»en  obtained,  tluMicii 
prospertiri^  for  tlnMn  lui>  extended  to  a  depth  of  100  fe«»t :  not  diH»p  enough  to  find  u  I 
iinp«M'vion>  .*»trntuiri.     \  <'onfinuous  >uecession  of  gravel  IkmIs  is  rpport4.»d.  I 

Tlir  liiirli.  almost  flat  I'rovo  delta  bet\\e«'n  lMeiL«^nt  Gmve  and  Provo  is  aoantily  pn-  j 
\iiled  witli  water.  Tljr  surfa«-e  is  generally  gravel  covered,  and  gravel  la  iHimmonly  found 
iti  w.'lls  to  (l«'[)tli.s  of  .SI)  to  til)  fei't.  below  which  .*ian<l  is  reiK>rted.  Only  a  small lUnount  nf 
cl:i\  apjMMrs  to  l)c  present.  This  tract  t)f  land  is  \\«'ll  adapted  for  the  cultivation  of  fniit. 
hilt  liu'  pit  sent  supply  of  water  is  iiisuirniciit  for  its  complete  development.  Water  *£* 
hr-f  hiDij^Mit  to  the  ilcltii  hy  canals  fioin  I'rovo  Kiver  in  l.S(>S,  and  the  present  suppl). 
wjirrchx  :i  mnxirimtn  (lixersion  of  about  1  Hi  second-feet  is  obtained,  was  i^stabliahed  in  IS^ 
Hcloir  iiiiiratioii  wa^  practiced  on  the  hench  the  depth  to  gnamd  wat^'r  waa  conaderahly 
^Mijiici  than  it  i^  n<»\\ .  Old  welK  are  over  100  feet  deep,  but  of  late  years  the  grouml- 
wat;  r  >u?face  ha-  li-ci  ^«»  that  on  a  lar<:c  |)art  of  the  area  water  can  lie  obtained  in  wi-lk 
avi'iaiiln^  ."it)  u*  7."  feet  deep.  Tow  aid  the  lower-  margins  of  the  IhmicIi  the  deptlis  togroumi 
wat'T  is  h'vs  than  ."0  fe<'t .  ller(\  as  elsewhere  throughout  this  entin^  area,  ground  water 
is  lowest  in  the  winter  and  highest  during  the  irrigation  .sea.son.  The  annual  Tariatii>n 
on  Provo  bench  appeals  to  range  from  .")  to  about  17  feet.  A  few  examples  will  illiLstral»- 
geiieral  con<liiion^.  In  1S7">  a  dry  well  KM)  feet  deep  was  dug  in  sec.  14,  T.  t>  S.,  R.  2  K. 
In  the  same  se«iion,  during  the  winter  of  1S7S  70,  N.  Knight  dug  a  w-cH  110  feet  do<'p  whi<+. 
alfurdrd  li  feet  of  water  in  winter  and  \o  lv>  *A\  UhA  \\\  svvmuwv.    In  1899  N.  J.  Kuighi 
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A.     VALLEY  OF   PROVO  RIVER   BELOW    MOUTH  OF  CANYON.   LOOKING  NORTH. 
Shows  Provo  Bench  and  Bonneville  terrace. 


B.     AMERICAN    FORK  AT   MOUTH   OF  CANYON. 
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third  well  only  60  feet  deep,  near  the  second,  which  afforded  about  3  feet  of  water 
er  and  20  in  summer.i 

-ing  wells  c*an  not  he  obtained  on  the  bench  because  of  it8  elevation,  though  seveiml 
»tM  have  been  made,  ftithout  success.  In  1887  and  1888  two  deep  wells  were  driven 
same  .section  as  those  just  referred  to.  The  Colorado  Fish  Company  put  down  a 
wpII  2,'iO  feet  deep  and  obtained  water  which  rose  to  within  80  feet  of  the  surface. 
Its  pumped  for  several  yeare.  In  1^88  Mr.  Knight  dmve  a  2-inch  well  300  feet 
1  which  water  rose  to  ftithin  00  feet  of  the  surface.  Both  of  these  w(>lls  are  now 
>nc<l. 

a  Provo  to  Pleasant  Grove  along  the  narrow  belt  of  lowland  lying  lx»tween  Pmvo 
and  I'tah  Lake  there  is  an  abundance  of  underground  water.  TTie  line  that  sepa- 
lowing  and  nonflowing  wells  (^incidcs  approximately  with  the  San  Pedro  Railway, 
ak«>  marks  roughly  the  upper  limit  of  the  area  in  whi<'h  gnnmd  water  li<'s  i^ithin 
of  the  surface.  Between  the  railroad  and  the  base  of  the  U'nch  few  wells  have 
Invrn  and  little  is  known  of  the  conditions,  but  it  is  thought  that  water  can  Ijc 
ihI  at  depths  of  10  to  .W  feet. 

;igiioiLs  to  the  railroad  a  numlwr  (»f  feeble  seep  springs  cx-cur  along  the  base  of  a 
ufT  lietwwn  which  and  the  lake  the  ground  is  almost  flat.  Water  occurs  on  the 
>  in  many  plaf*cs,  rendering  the  land  unflt  for  use.  Befon>  irripition  was  s<.>  exten- 
practiccd  it  is  reported  that  this  lowland  Ix'lt  was  fertile  farming  land,  but  in  late 
due  to  the  rise  of  the  gmund-water  level,  the  land  has  materially  (l<»<'n'as<»d  in  value, 
.erabic  areas  of  available  land,  however,  are  yet  to  Ix'  found  in  this  an>a.  and  flowing 
in*  iL^rd  to  irrigate  several  hundn'd  acres.  Conditions  can  l>e  much  impn>ved  by 
gi>.  Tlie  map  and  list  of  wells  show  the  general  conditions.  Tlie  dtvp  wells  in 
I'lt  average  slightly  ovr  100  fe<*t  and  generally  are  2  inch<»s  in  diameter.  North 
vo  Kiver  the  ^ield  is  inconsiderable,  averaging,  possibly,  less  than  15  gallons  a  minute 
:*ll;  but  in  the  vicinity  of  (leneva,  a  n«sort  on  the  lake  Mow  Plea.sant  Grove,  the 
uf  Battle  Creek  drainage  is  experienced,  and  some  of  the  stnmgi^t  wells  of  the  entire 
ovcred  by  this  n'port  occur.  Ilarrj'  (Jammon 'swells,  in  wc.  7,  T.  (»  S.,  R.  2  K.,  an* 
:  the  liest.  One  of  tln»se  is  3  iiirl«»s  in  diameter,  110  f<»et  <Uh>\),  and  yiehis  a  flow  of 
2»iO  galloiLs  a  minute,  the  water  rising  in  a  pi])**  to  Bppn)ximately  2S  fce»t  alnive  ttie 
('.  Tlie  s<H'tion  in  this  vicinity  is  .shown  on  PI.  V,  the  water  <KTurring  in  gravel  in 
»ttom  of  the  well. 

I»R()V()   AXI»    VICINITY. 

vo  derives  its  water  supply  fn>m  Pn)v<»  Kivcr.  A  numlxT  of  raiials  tap  the  river 
own  on  the  map,  PI.  VIII),  and  di.stribute  a  good  supply  to  tin*  ti>wn:  and  water 
(isehold  purposes  is  delivcn'd  through  <'ity  mains  fri>ni  a  <lirert  sou  pit  in  the  river 
Im*  mouth  of  the  canyon.  Tlic  quality  is  un.satisfa*"tory.  h;)wevrr.  and  a  new  system 
ig  iiLst ailed  whereby  a  Ix'tter  supply  is  obtained  from  a  nunilHT  of  springs  that  i.ssue 
iiK'onsolidated  debris  ah»ng  the  l)as<»  of  the  canyon  for  several  miles  alnive  its  mouth. 
1  nn-ords  show  fairly  uniform  stnitigraphi<'  (-onditions  about  ProNo.  Gravel  usually 
lies  the  surface  to  a  depth  of  from  10  to  20  feet,  and  is  sureeeded  by  20  to  'M)  feet  of 
lielow  whirh  Is  a  coiLsiderable  thiikness  of  clay,  averaging  |>ossibly  100  fwt,  the 
20  or  ."iO  feet  of  which  U  yellowish  and  the  lower  part  blue.  rn<lerlying  the  clay  a 
gravi'l  o<<-urs,  whirh  is  said  io  lx»  underlain  by  clay,  though  aboui  Provo  it  has  s<'l- 
leen  penetrated.  Willi  minor  variations  ihi'*  s«»ction  apfx^ars  Io  hold  g<M)d  over  a 
)art  «)f  the  territory'  adjacent  to  the  <'ast  shon*  of  Utah  I^ake.  North wesl  from  Provo 
rfaci*  gravel  disapfx'urs,  but  clay,  light  alxAc  and  dark  Ix'low  and  underlain  by  sand 
ravel,  is  reported  in  the  vicinity  of  Geneva.  American  F'ork,  and  Ijchi.  South  of 
.  in  the  vicinity  of  Spring^•ille.  similar  conditions  prevail.     (PI.  V.) 

>Ho  facts  were  ol)taino<l  fnnn  Mr.  Caleh  Tanner,  to  whom  the  writer  iti  indebted  for  many 
lies. 
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The  beds  about  Provo  appear  to  dip  toward  the  lake  at  a  low  angle,  approxiinat«lj  CQ^ 
responding  to  the  slope  of  the  surface,  this  being  indicated  by  the  fact  that  the  depth 
which  the  water-bearing  gravel  is  found  over  large  areas  is  approximately  constant, 
the  vicinity  of  Provo  some  direct  data  were  obtained  on  this  point.  Wells  have  been  driifl 
along  Center  street  from  Academy  street  in  Provo  westward  to  the  shore  of  the  lake, 
depths  at  which  the  top  of  the  gravel  was  struck  in  some  of  these  wells  was  obtained  hm 
the  driver,  J.  West  fall,  and  a  line  of  levels  was  run  along  the  surface  by  the  United  Stils 
Reclamation  Service,  from  which  it  appears  that  the  lakeward  inclination  of  the  graveliii 
approximately  9  feet  per  mile,  the  rate  decreasing  as  the  lake  is  approached.  Simihl 
conditions  probably  exist  throughout  the  area  studied,  the  slope  being  greatest  near 
mountains,  while  beneath  the  broad  lowlands  the  strata  lie  more  nearly  horizontal. 

Ground  water  in  the  vicinity  of  Provo  can  generally  be  obtained  in  the  upper 
within  10  feet  of  the  surface.  In  the  vicinity  of  the  lake  the  gravel  disappears  andcfaf 
generally  o<'cupios  the  surface.  Here,  as  is  so  general  throughout  the  entire  area,  swunfl 
conditions  prevail,  owing  to  the  lowness  of  the  region,  the  recession  of  the  lake,  and 
rise  of  ground  water  due  to  irrigation. 

Flowing  wells  exist  in  great  number  in  this  well-populated  region,  and  in  general 
abundance  of  good  water  is  obtained  within  200  feet  of  the  surface.  The  main  water-boP 
ing  horizon  Is  the  bed  of  gravel  that  underlies  the  blue  clay.  Water  Is  generally 
in  this  gravel  at  150  to  200  feet  from  the  surface,  but  conditions  are  not  absolutely 
at  all  places,  and  where  the  prevailing  sect  ion  Is  varied  by  local  streaks  of  clay,  sand, 
gravel  corresponding  differences  exist .  Feeble  flows  are  sometimes  found  at  100  feet, 
a  few  wells  obtain  water  fnim  a  depth  of  360  feet,  but  this  depth  is  unusual  in  the  virinJ^ 
of  Provo.  The  wells  about  Provo  are  generally  2  inches  in  diameter,  and  their  flow  a 
possibly  average  .'lO  gallons  a  minute.  Among  the  beM  wells  in  this  vicinity  are  those 
the  st  at  ioas  of  the  San  Pedro,  Los  Angeles  and  Salt  Lake  Railroad  and  the  Rio  Gru 
Western  Railway.  These  are  3  inches  in  diameter  and  190  and  176  feet  deep,  respecti?el^ 
In  Noveml)er,  190^1,  the  Rio  Grande  Western  well  was  found  to  flow  appn)ximatelj 
gallons  a  minute  at  2  feet  above  the  surface  under  a  pressure  of  15 J  pounds  per  square  ii 

SPRINGVILLF.    AND   VICINITY. 

Between  Provo  and  Springville  the  lowland  contiguous  to  Utah  Lake  extends  to  the 
Grande  Railroad,  alx)vc  wlii<'h  the  surface  rises  at  a  steep  grade  to  the  base  of  the  nM 
tains.  The  lowland  for  the  most  part  is  marshy,  and  the  line  that  separates  flowing 
nonflowing  wells  lies  only  a  short  distance  east  of  ^he  railroad.  A  low  scarp,  which  apf* 
ently  marks  a  Pleistocene  fault,  can  Ikj  traced  immediately  west  of  the  county  road  fori 
mile  or  more  lx>yond  the  Utah  County  Infirmary'  toward  Springville.  Springs  occur 
the  base  of  the  scarp,  and  the  large  springs  at  the  head  of  Spring  Creek  may  be 
with  faulting.  A  numl)er  of  small  lakes  mark  the  presence  of  these  springs,  and 
Creek,  whose  main  supply  is  thus  derived,  flows  about  1 ,600  second-feet. 

The  deepest  well  in  this  area  is  that  of  the  infirmar}*,  situated  near  the  road  about 
way  InMween  Provo  and  Springville.     The  well  is  3  inches  in  diameter  and  270  feetdMjj 
and  water  Is  reported  to  rise  in  a  pipe  to  a  point  3  feet  above  the  surface,  flowing  aboot 
gallons  a  minute.     In  this  vicinity  a  feeble  first  flow  is  reported  at  depths  of  65  to  SOW- 

SpringAille  is  situsted  on  the  plain  about  3  miles  below  the  mouth  of  Hobble  CreekO* 
yon,  the  channel  of  the  rn'ek  passing  through  the  town.     During  the  irrigation  sell 
practically  all  of  Hobble  Creek  water  is  diverted  by  canals  that  head  near  the  base  of  ^ 
niountaiiLs. 

Ground  water  in  Springville  is  obtained  from  wells  that  usually  range' in  depth  fro* 
to  30  feet,  the  water  occurrhig  in  the  top  gravel.    The  general  level  of  ground  water  in  t 
town  is  H'ported  not  to  have  changed  since  the  early  days,  and  only  an  annual  diffw*^ 
of  a  few  feet  is  noticed  In^tween  winter  and  summer  conditions.** 
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HecordB  of  wells  in  the  vicinity  of  Spring\'Ule  show  rather  uniform  conditions.  The  town 
menllj  is  underiain  by  gravel  5  to  40  feet  thick,  below  which  blue  clay  occurs  to  a 
»p(h  of  about  130  feet,  underlain  by  sand  and  gravel  down  to  180  feet ;  then  about  <50 
et  of  light-colored  clay  is  enc^nintered,  followed  by  sand  and  gravel  at  a  depth  of  about 
K) feet.  In  the  area  nearer  the  lake  the  top  gravel  generally  Ls  wanting,  but  othen^Lse 
Hilar  sections  are  reported  in  tliat  locality. 

Flowing  wells  are  obtained  from  the  two  lower  gravel  liorizons  at  deptlis  of  approxi- 
fttely  130  and  230  feet.  The  common  occurrence  of  water  at  these  two  horizons  implies 
lUsual  uniformity  of  undei^ground  conditions,  and  suggests  a  low  lakcward  dip,  approxi- 
fctely  corresponding  to  the  surface  inclination.  The  wells  are  conunonly  2  inches  in  diam- 
•r,  though  a  few  are  3  inches,  and  they  yield  on  an  average  possibly  20  to  50  gallons  a 
nute.  One  of  the  best  in  Springville  Ls  a  3-inch  well  belonging  to  A.  Cox.  It  is  230  fo«t 
ep,  flows  about  120  gallons  a  minute,  and  its  water  Ls  reported  to  rLse  in  a  pipe  to  a  point 

feet  above  the  surface.  The  Rio  Grande  Railway  Company  hiLs  two  wells  in  Spring- 
le,  whirh  are  216  and  304  feet  deep.  In  the  dt»ei)er  the  lirst  flow  was  stnick  at  126  feet, 
iec4)nd  at  216,  a  third  at  260,  and  a  fourt  h  at  202.  Tlic  sliallower  well  Ls  3  inches  in  diani- 
er.  and  is  reported  to  flow  about  200  gallons  a  minute  at  the  surface,  whicli  Ls  reduced  to 
•out  12  gallons  a  minutei  at  the  top  of  a  tank  alM>ut  30  feet  above  the  surface. 
Mapleton  Bench  Ls  the  local  name  for  the  Provo  Delta,  lying  between  SpanLsh  Fork  and 
obble  Creek.  The  delta  is  here  prominently  developt?d,  and  constitutes  valuable  farm- 
gland.  Flowing  wells  are  not  obtained  on  Mapleton  B<>nch  Ix'cause  of  its  elevation,  but 
ere  are  a  number  of  dug  wells.  It  is  reported  that  in  the  early  days  the  wells  on  the 
•neb  were  60  feet  or  more  in  depth,  but  sin<'c  irrigation  has  l^een  practiced  the  ground- 
ater  level  has  been  considerably  raised,  and  now  the  wells  average  possibly  only  30  f«Hft 

depth.  There  is  a  marked  differen<'e  in  the  depth  to  ground  water  in  winter  and  .sum- 
er,  the  range  in  some  instances  amounting  to  over  10  feet.  Along  the  outer  margin  of 
m  bench  there  Ls  a  line  of  springs,  many  of  whicli  did  imi  exist  In'fore  the  ditches  were 
Ig.  Big  Hollow  Creek,  a  stream  that  flows  from  t  he  InmicIi  about  2  miles  south  of  Spring- 
He,  is  a  conspicuous  example.  In  the  early  days  scan-ely  any  water  is  said  to  have 
>wed  in  its  channel,  whereas  it  now  irrigates  over  1(K)  u<Tes. 

Considerable  amounts  of  water  are  obtained  by  a  few  tunm'ls  that  have  l^'en  dug  Hk>ng 
« eastern  edge  of  Mapleton  Bench.  The  entraiues  to  the  tunnels  are  coiiHuonly  ut  the 
t«8of  springs.  Some  begin  and  end  in  uneonsolidated  materials,  while  others  jH'netrate 
>drock.  The  longest  noted  is  in  s«»c.  24,  T.  S  S.,  \\.  :<  K.  Its  length  i-  27')  feet.  Water 
KNigh  to  irrigate  about  100  a<"res  comes  through  cn'vires  in  l>ed  rtn-k. 

SPANISH    n)RK,  I'AYSON,  AND    VICINITY. 

The  town  of  Spanish  Fork  is  situated  on  the  general  lowland  at  the  base  of  Mapleton 
each  and  immediately  north  of  Spanish  Fork.  alMHit  f)  miles  Ix'low  the  mouth  of  its 
myon.  Fn)m  the  few  well  records  available  it  appears  that  sand  and  gravel  <M)ni- 
only  underlie  the  surface  to  a  depth  of  about  liO  feet  and  are  su<«eede{l  by  1.50  feet  of 
•y, below  which  wat<?r-bearing  gravel  is  usually  encountered  at  a  depth  of  180  feet.  The 
Cof  the  well  recently  completed  at  the  San  Pedro  station,  about  a  mile  west  of  the  town, 
lows  a  greater  thickness  of  clay,  amounting  to  205  feet ,  U'lieath  whirh  sand  and  clay  were 
>'ind  to  390  feet,  where  water-lx^aring  gravel  tM-curs. 

SpanLsh  Fork  Ls  rather  p<M)rly  >upplied  with  underground  water.  Dug  wells  <'ommonly 
•^h  water  at  deptlis  ranging  frcnn  10  to  25  feet,  but  its  quality  is  not  good.  Flowing 
^'Ls  were  fonnerly  obtained,  but  in  recent  years  the  flows  generally  have  ceased  and  pumj)- 
?  has  to  Im*  resorted  to.  A  city  waten\'orks  system  was  installed  in  lfl04,  the  supply 
•'^  derived  from  Evans  Spring,  near  the  mouth  of  Spanish  Fork  Canyon,  alM)ut  5  miles 
^v©  the  town,  and  an  excellent  supply  Ls  now  available.  The  line  separating  flowing 
^  nonflowing  wells  now  lies  in  the  extreme  northwest  corner  of  the  town.  The  first  flow 
'^is  at  a  depth  of  about  180  feet  and  a  s<M'ond  flow  lH»t  we<»n  350  and  400  feet.  The  t'ream- 
'  '^•ell,  2  inches  in  diameter  and  220  feet  deep,  is  typical.     Water  was  struck  a.t  IkJO  C«<4t. 
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which  in  1900  flowed  9  gallons  a  minute,  while  in  1904  it  stood  about  4  feet  below  th 
surface  with  little  or  no  variation.     In  1904  the  San  Pedro,  Los  Angeles  and  Salt 
Railroad  Company  put  down  a. well  415  feet  deep  at  its  Spanish  Fork  station  and  obUiM 
a  flow  of  36  gallons  a  minut«  through  a  2-inch  pipe  from  gravel  in  the  bottom  of  the  ml 

Between  Spanish  Fork  and  the  Goshen  divide  there  are  a  number  of  settlemepto  M 
arc  adjacent  to  the  line  separating  flowing  and  nonflowing  wells. 

Salem  is  situated  at  the  lower  end  of  tlie  Provo  Bench,  about  midway  between  Spuih 
Fork  and  Payson.  In  the  northwestern  part  of  the  town  the  water  table  lies  close  to thei 
face  and  throughout  the  greater  part  of  the  settlement  water  can  be  obtained  within  lOfeeirf 
the  surface.  There  arc  many  springs,  the  most  important  of  which  supply  Salem  Pond,  whiA 
covers  alK>ut  13  acres  and  averages  possibly  12  feet  in  depth.  The  line  separating  flowiai 
and  nonflowing  wells  passes  about  midway  through  Salem.  The  flowing  wells  are  grs* 
erally  feeble  and  the  quality  of  the  water  is  poor.  A  first  flow  is  eonmionly  obtained  tt 
about  160  feet  and  a  second  at  about  2«')0  feet. 

Payson  is  situated  on  and  near  the  delta  formed  by  Peteneet  Creek  at  the  Provo  stigi 
of  Lake  Bonneville,  part  of  the  town  being  built  on  the  delta  and  part  on  the  subjaccot 
plain.  Flowing  wells  are  not  obtainable  because  of  the  elevation,  and  the  undergroaod 
water  supply  is  furnished  by  dug  wells.  These  vary  considerably  in  depth  becauae  ol  ik 
irregular  distribution  of  the  delta  deposits.  Their  depth  ranges  from  15  to  115  feeiiad 
probably  averages  between  30  and  40  feet.  As  an  instance  of  local  variation  it  may  l» 
mentioned  that  in  one  well  ground  wat<»r  is  obtained  at  18  feet  while  on  the  opposite  sA 
of  the  street  a  well  was  dug  90  feet  without  encountering  water.  Tlie  level  of  grwnid 
water  Is  reported  to  fluctuate  but  little.  A  number  of  families  in  Pairson  are  supplied  bf 
pipe  lines,  the  water  being  derived  from  tunnels  driven  into  the  base  of  the  bench. 

The  town  of  Spring  Lake  is  situated  near  the  base  of  the  mountains.  The  line  separating 
flowing  and  nonflowing  wells  passes  along  the  foot  of  the  Provo  Bench  and  lies  about  hiK 
a  mile  west  of  the  town.  In  this  locality  ground  water  is  found  commonly  within  lOfert 
of  the  surface  and  there  are  a  number  of  shallow  wells,  but  the  chief  supply  comes  fron 
springs.  Spring  Lake  covers  an  area  of  about  12  acres  and  dischai^es  a  stream  of  about 
2  .second-feet .  It  is  made  by  danuning  a  small  creek  that  is  fed  by  springs.  Springs  occur  in 
the  vicinity  of  the  ba.se  of  tlie  mountains  In'tween  Spanish  Fork  and  Spring  Lake.  Mofitof 
thcni  appear  to  Im»  seep  springs,  but  some  that  lie  near  faults  that  adjoin  the  base  of  the 
mountains  may  be  of  deeper  seated  origin.  Many  of  tlie  .springs  flow  20  to  50  gallons  a  minute 

Santaquin  is  built  on  a  delta  of  Santaquin  Creek,  near  the  base  of  the  mountains,  far 
alK)ve  the  general  level  at  which  flowing  wells  are  obtained.  Tlie  town  is  chiefly  siippM 
with  water  for  both  hoiLsehold  and  irrigation  uses  by  Santaquin  Creek,  and  only  a  fe» 
wells  have  been  dug.  AImhU  a  dozen  wells  strike  water  in  gmvel  at  depths  of  between  15 
and  25  feet  on  a  low  bench  in  the  southea-stern  part  of  the  town.  Timnels  are  also  dug  into 
this  ben«'h,  from  which  two  pipe  lines  supply  a  mnnln'r  of  families  with  water.  Below  tlw 
bench  in  Santaquin  there  are  very  few  wells;  two  had  to  Im»  dug  about  80  feet  before  waur 
was  obtained. 

Below  the  line  .separating  flowing  and  nonflowing  wells  between  Hobble  and  Santaquin 
creeks  the  valley  plain  slopes  gently  to  Utah  Lake.  Throughout  this  area  ground  water 
lies  within  10  feet  of  the  surface,  and  adjacent  to  I  he  lake  and  in  certain  isolated  localities 
swampy  conditions  occur.  This  area  is  mostly  underlain  by  clay,  which  Is  reported  to 
predominate  in  all  of  the  wells.  Little  or  no  gravel  is  encountered  in  well  driving  and  tho 
layers  of  clay  alternate  with  layers  of  sand.  Few  satisfactory  well  records  from  this 
region  have  been  obtained,  and  no  correlat  ion  of  the  underground  deposits  has  Ix^n  possi- 
ble. Different  conditions  .seem  to  e.xist  in  neighboring  wells,  indicating  a  lenticular  arrange 
ment  of  the  deposits. 

The  towns  of  Palmyra,  Lake  Shore,  and  Benjamin  are  situated  below  the  line  of  flowing 

wells.     Many  fanns  are  scattered  over  this  area,  but  in  a  few  localities — north  of  Spanisl 

Fork,  for  in.stance — alkali  is  so  prevalent  as  to  discourage  .settlement.     Much  of  the  wate 

used  in  irri^&tin^  this  tr&vi  is  derived  Uom  caw\\\a  aw^^^Wd  V>^'  ^i^^^riiah  Fork,  but  flowing 

welJs  also  are  used  to  a  considerable  exleuV. 
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Flowing  wells  have  Uvn  oUaintKl  throughi»ut  this  an'a  at  dcptlis  of  ri)  to  otX)  feet,  as 

mkMMymm  by  the  list.     Flows  are  usually  found  in  every  cimsiderahle  IhhI  of  sand  en^'ounterwi 

^Mx   drilling,  and  six  or  more  water-bearing  bwLs  are  sometimes  struck  in  a  4()()-foot  well. 

Stiih.llow  wells  aro  not  the  nile  in  this  region,  for.  though  many  are  lo()  to  'J(X)  feet  deep,  the 

majority  are  nearer  400  feet  deep.     Because  of  the  general  ahsenre  of  gravel  and  of  jK»rs!st- 

ent    beds  of  sand  there  are  few  espeeially  g<KKl  wells.     The  flows  obtained  are  generally 

undor  .%)  gallons  a  minute  and  fn>quently  are  less  than  10.     Tlie  pressure  is  low.  s(>ldom 

l^ein^ sufficient  to  cause  the  water  to  r^e  more  than  a  few  fci>t  al;ove  the  surface. 

At  the  southern  end  of  the  lake,  north  of  West  Mountain,  just  aliove  low-water  level 
then*  is  a  wann  spring  that  was  estimate<i  to  flow  200  gallons  a  minute.     Its  temperatuit^ 

(iOSHEN    VALLKY. 

Goshen  Valley  can  be  divided  into  a  highland  and  a  lowland  portion,  a  convenient  line 
of  division  for  pn'sent  purposes  being  that  wiii(  h  .separates  areas  where  ground  water  li«'s 
above  10  feet  from  the  surface,  from  thost'  in  which  it  lies  below  that  depth.  The  high- 
land lies  contiguoiL<)  to  the  mountains  and  merges  into  the  lowland  which  adjoins  the  lower 
course  of  Currant  Creek  and  the  southern  extremity  of  Utah  Lake.  The  lowland  is  chiefly 
underlain  by  clay  and  the  .soils  ctmtain  abundant  alkali."  Throughout  the  entin>  area 
S'Oiind  water  lies  close  to  the  surfa«'e  and  marshv  <*ondit ions  exist,  csptM-iallv  toward  the 
lake. 

The  area  of  flowing  v/elLs  in  (roshen  Valley  embra(*es  hIkmH  15  s(iuare  miles  and  extends 
tram  Utah  Ijake  t(»  within  alMHit  a  mile  of  (ioshen.  Within  it  flowing  welLs  are  oi)tained 
•t  deptlm  ranging  from  oO  t^)  400  feet.  From  the  few  available  rect)nls  it  app<*ars  that 
Varying  st  rat  {graphic  conditions  exi-^^t  in  this  area,  the  prevailing  <'lay  being  irn*giilarly 
*nterl)edded  with  sand,  usually  in  thin  streaks,  witii  wry  little  gnivel.  The  flows  ttbtained 
arv  small,  averaging  possibly  alsmt  f)  gallons  a  minute.  un<l  the  pressure  is  .sufficient  t<) 
•TUise  the  water  to  rise  only  a  few  feet  alH)ve  the  surface. 

Gdshen  itself  is  fumi.sluHi  with  surface  wat<»r  from  ditches  supplied  by  Currant  Creek  and 
by  springs  kx'atc^  at  the  base  of  the  hills  about  2  miles  east  of  tlu*  town.  The  underground 
JWipply  is  derived  fmm  wells  that  usually  range  frt>m  25  to  75  feet  in  <iepth.  The  wells 
are  put  down  through  clay  to  sand  in  wliicli  wat<M'  is  found  under  pres.sure  sufficient  to 
cause  it  to  ri.se  almost  to  the  surface,  the  u.sual  depth  \o  water  being  '.i  to  20  feet.  A 
number  of  unsuccessful  attempts  to  get  flowing  wells  have  been  made,  the  <leeiM'.wt  being 
the  railroad  well  put  down  near  the  station.  I(  is  .S34  feet  deep,  and  wiiter  is  re{)orted  to 
have  risen  in  it  to  within  a  few  feet  of  the  surf  are. 

Tlic  highland  area  is  underlain  chiefly  by  cimrse  detritus  derived  fmm  the  adjac(>nt 
mountains  and  distribut<^d  eitln'r  as  shore  ch'posits  in  Lake  Bomieville  or  as  alluvial  accunui- 
lations.  This  higher  portion  of  (Ioshen  \'allev  is  p(M»rly  supplied  with  water,  the  <hief 
8oun'c*s  l)eing  Kimball  Creek,  a  small  stream  which  seldom  flows  below  its  mountain  <*ourse, 
and  C\irrant  Cn»ek,  whi<'h  flows  p<T<'nniaIly  and  supplies  the  lower  valley.  The  discharge 
of  Currant  Creek,  however,  is  insuflicient  for  the  ne«'ds  of  the  upland.  A  reservoir  has  been 
built  by  damming  Currant  Creek  at  the  entram-e  (o  its  canyon  couix'  through  I..ong  Kidge, 
and  a  canal  conatnicted  which  skirts  the  upper  part  of  (Ioshen  \'alley,  but  the  enterprisi' 
has  lxM*n  a  failure. 

A  few  {springs  occur  along  the  eastern  ba.se  <»f  the  "^rintic  Mountains  and  some  su<'ce.-sful 
attempts  have  l)een  made  then*  to  tlev<'lop  uiuieiiground  water  by  tiuuieling.  In  iIm*  u|)per 
valley  of  Kimlmll  Creek  there  are  a  nuniljcr  of  springs  which  How  about  KM)  gallons  a  minute. 
and  smaller  ones  occur  in  .several  gulehes.  About  2  miles  east  of  (Ioshen  then*  is  a  gruup 
of  springs  at  the  ba.se  of  I>ong  Ki<lg<\  where  water  issues  through  debris  and  aceumulates 
in  several  small  p<mds.  the  lemperatnienf  which  is  reported  tnstay  at  about  70'^  V.  through- 
out the  year.  These  springs  eoiisiitute  tlu'  soin<e  of  Warm  Creek,  and  llM'ir  enmbinetl 
flow  in  November,  HXM,  was  estimated  at  alnnit  5  second-fj-et .     Water  has  been  dexelofw-d 
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by  tunneling  at  several  localities  along  the  eastern  slope  of  the  Tintic  Mountains.  In  the 
valley  of  Kimball  Creek,  in  sec.  11,  T.  11  S.,  R.  2  W.,  there  is  a  tunnel  200  feet  long  in  toI- 
canic  rock,  which  furnishes  about  20  gallons  a  minute,  and  water  sufficient  for  milling- 
purposes  has  been  developed  by  drifting  into  the  alluvium  and  bed  rock  at  the  head  of 
Ilomansville  Canyon.a 

Away  from  the  bordering  mountains  in  the  highland  portion  of  Goshen  Valley,  Terr 
little  underground  water  has  l)een  obtained,  and  considering  the  slight  run-oflT  and  the  .omdl 
tributary  drainage  are4i,  not  much  can  l)e  expected.  The  most  favorable  locations  for  sink- 
ing wells  are  along  the  courses  of  drainage  ways.  The  most  successful  are  along  the  roune 
of  Kimball  Creek,  but  even  there  water  commonly  is  not  obtained  at  depths  less  than  ISO 
feet.     A  numl)er  of  dry  wells  have  been  sunk  in  the  upland  area. 

WEST  OF    UTAH    LAKE. 

The  narrow  strip  of  lowland  between  the  western  shore  of  Utah  Lake  and  the  Lake  Moun- 
tains Ls  very  scantily  provided  with  wat^r.  Tlie  low,  narrow  mountains  catch  relatively 
little  precipitation ;  there  are  no  perennial  streams,  and  the  arroyos  carrj'  wat^r  only  for 
a  few  days  during  the  year.  From  the  foot  of  the  Bonneville  and  Provo  terraces  that 
extend  along  the  base  of  the  mountains  the  surface  slopes  gradually  lakeward  and  is  unde^ 
lain  chiefly  by  cx)arse-textured  deposits. 

Along  t  he  shore  of  the  lake  a  number  of  seep  springs  occur  near  water  level.  They  are  most 
abundant  from  Ijehi  southward,  and  there  are  also  a  few  2  or  3  miles  beyond  Pelican  Point, 
where  their  presence  is  marked  by  low,  marshy  areas,  one  of  which  is  utilhsed  in  the  culti- 
vation of  a  few  acres  of  alfalfa.  Near  Pelican  Point  there  is  a  feebly  flowing  well  90  feci 
deep,  in  which  water  was  obtained  at  a  depth  of  60  feet;  and  in  a  near-by  well  a  feeble  flow 
is  also  obtained,  which  is  said  to  come  from  a  depth  of  154  feet. 

Few  if  any  other  attempts  have  been  made  to  recover  undei^ground  water  in  this  region. 
Judging  from  the  wells  at  Pelican  Point  one  might  expect  to  obtain  similar  results  akmg 
the  westcni  shore  of  the  lake,  but  if  flows  were  obtained  the  water  would  be  at  so  low  an 
elevation  as  to  make  it  of  little  use  without  pumping.  Away  from  the  shore  flows  can 
hardly  be  expt^cted.  It  may  bo,  however,  that  limited  amounts  of  water  can  be  found  to 
rise  in  wells  to  within  pumping  distance.  Pn)specting  for  shallow  wells  might  be  attempied 
in  the  arroyos,  hut  Iwcause  of  the  limited  watershed  and  precipitation  the  prospect  is  not 
good  for  obtaining  enough  underground  water  for  extensive  irrigation.  Pumping  directly 
from  the  lake  pre^sents  attractive  possibilities. 

WEI^L  J>ATA. 

Tlie  WTiter  is  indebted  for  the  subjoined  list  of  welLs  to  Messrs.  F.  D.  Pyle  and  T.  F. 
McDonald.  Mr.  Vy\e  worked  in  Utah  Lake  Valley  and  west  of  Jordan  River.  Mr.  Mc- 
Donald, whose  jissistunce  was  obtained  through  the  courtesy  of  Mr.  George  W.  Snow, 
engiiitter  of  Salt  Lake;  City,  collected  data  east  of  Jordan  River.  The  yield  of  flowing  weDs 
wa.s  coniinonly  nicjisurcd  by  means  of  tables  which  are  here  inserted,  together  with  accom- 
panying explanation,  because  the  UK'thod  aroused  popular  interest  and  because  the  edi- 
tion of  the  imlletin  in  which  the  tai)les  were  published  luus  b(»en  exhausted. 

METHOD  OF  MEA8TJREKENT.  <>  ^ 


Tables  for  drtfrniininp  the  <liwlmrpe  of  wutiT  from  completely  filled  vertical  and  horizontal  pip* 
were  prcpaivd  a  minilur  of  years  ago  by  Prof.  .1 .  K.  Todd.  Stute  geologist  of  Sou'ih  Dakota,  who  issued 
a  private  bulletin  describing;  simple  m(>tbods  of  determining  quickly,  with  fair  accuracy  and  withlittk 
trouble,  the  yi<'ld  of  artesian  wells.  In  the  following  notes  the  tables  and  explanations  relating  to 
vertical  and  hori/.ontal  pipes  are  taken  from  this  bulletin.  The  explanations  have  been  appended  hy 
the  preswnt  writer. 


c 


a  Smith,  fi.  O.,  and  Tower.  (I.  W..  l)e<u«ripti«»n  of  the  Tintle  district:  U.  8.  Geologlo  Atlas,  spttiil 
folio  r».5.  U.  S.  neol.  Survey,  \m). 
bSUchtrt,  ('.  S.:  Water-Sup.  and  Irr.  Va\MT  N(k  \\(t.  l' .  S.  deol.  Survey,  iga^  pp.  37-42. 
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lining  the  flow  of  water  discharged  through  a  pipe  of  uniform  diameter  all  that  is  nece^ssary 
le.  ttUl  air,  and  care  in  taking  measurements.    Two  methods  are  proposed— one  for  pipes 

vertically,  which  is  particularly  applicable  before  the  well  is  permanently  finished,  and 
zontal  discharge,  which  is  the  most  usual  way  of  finishing  a  well. 

[on  page  !iS\  is  adapted  to  wells  of  moderate  size,  as  well  as  to  large  wells.  In  case  the  well 
iameter  tiian  given  in  the  table  its  discharge  can  without  much  difficulty  be  obtained  from 
y  remembering  that,  otlier  things  being  equal,  the  discharge  varies  as  the  square  of  the 

the  pipe.  If.  :o  *  example,  the  pipe  is  one-half  inch  in  diameter  its  dischurt  o  ^'iH  !'<*  one- 
lat  of  a  pipe  1  i:ich  in  diamet«*r  for  a  stream  of  the  same  height.  In  a  similar  manner  the 
f  a  pipe  8  inches  in  diameter  can  be  obtained  by  multiplying  tlie  discharge  of  the  4-inch 

tt  method  the  inside  diameter  of  the  pipe  should  first  le  measured,  then  the  distance  from 
tie  pipe  to  the  highest  point  of  the  dome  of  the  water  above  in  a  strictly  vertical  direction— 
i  diagram  [flg. '5].  Find  these  distances  in  table  [p.  5S,  A]  and  the  corresponding  figure  will 
nber  of  gallons  discharged  each  minute.  Wind  would  not  interfere  in  this  case  so  long  as 
omenta  are  taken  vertically. 

Dd  for  determining  the  discharge  of  horizontal  pipes  n^quires  a  lit  tie  more  care.  First  mean- 
oeter  of  the  pipe,  as  before,  then  the  vertical  distance  from  the  center  of  the  opening  of  the 
»» convenient  point  corresponding  to  it  on  the  side  of  the  pipe,  vertically  downward  (5  inches, 
e  diagram,  then  from  this  point  strictly  horizontally  to  the  c>t>nt(>r  of  the  stream,  b  to  e. 


M\i  to  inches 


\\m  7l.7g^/on3 
v>m.  perminutt 


m 


Fio.  5.— Diagram  lllustrHting  flow  from  vertinil  and  hori/.ontal  plp«'H. 


lata  the  flow  in  gallons  per  minute  can  l>e  obtained  from  table  [p.  ."iS,  \\\.  It  will  rea«lily  be 
slight  error  may  make  much  (liflerenoe  in  tlie  discharge,    (are  must  Ke  talcen  to  mejuiure 

and  also  to  the  center  of  the  stream.  IJecaiise  of  this  dillicully  It  Is  desirable  to  check 
'rmination  by  a  second.  For  this  purpose  columns  are  piven  in  the  tables  for  corresponding 
its  12  inches  below  thecent<*rof  the  pipe.     Of  course  thedischargi'  from  the  same  pi|M'  should 

in  the  two  measurements  of  the  same  stream.  Wind  blowing  either  with  or  against  the 
vitiate  results  to  an  indefinite  amount.  The-efore  measurements  should  be  taken  while 
11. 

fractions  occur  in  the  height  or  horizontal  distance  of  the  stream,  the  numlK»r  of  gallons 
ned  by  apportioning  the  differenoe  U>tween  the  Headings  in  the  table  for  the  nearest  whole 
cording  to  the  size  of  the  fraction.     For  example,  if  the  dis.ance  from  the  top  of  the  pijje 

the  stream  in  the  first  case  is  U4  inches,  one-thir.l  of  the  ditTerence  hetwin-n  the  reading  in 

9  and  10  inches  must  Im'  added  to  tin-  former  to  give  the  corr*^!  result. 
K  measures  the  flow  of  a  wi-ll  hy  both  methods  he  may  thinlc  that  the  results  should  agnt*. 
lOt  the  case.  In  the  vertical  disc^har^je,  there  l;eing  less  friction,  the  flow  will  be  larger;  so, 
econd  method  differences  will  Im-  found  according  to  the  length  of  the  horizontal  pip**  U9«h1. 
re  occasionally  at  an  angle,  it  is  well  to  know  that  the  .s<>cond  method  can  be  applied  to 
Irst  measurement  is  taken  strictly  vertically  from  the  center  of  the  o[K'ning  and  tlie  second 
t  from  that  point  parallel  with  the  axis  of  the  pipe  to  the  center  of  the  stream,  as  before. 
)mentscan  then  be  read  from  the  table. 
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TcMefor  determining  yield  of  artesian  wdU. 
[Gallons  per  minute.] 


A.— Flow  from  vertical 

pipefl. 

B.- 

-Flow  from  horizontal  pipea 

Height 
of  jet. 

Diameter  of  pipe 

in  inches. 

Horl- 
sontal 

1-inch  pipe. 

2-inch  pipe.    1 

1. 

1 

-\ 

2. 

3. 

&-inch 
level. 

12-inch 
level. 

5-inch 
level. 

12-inch 
level.  1 

Inches. 

1 

1 

IncheM. 

; 

' 

i 

3.96 

6.2,1 

8.91     1 

15.8 

35.6 

6 

7.01  1 

4.95 

27.71 

19.63 

1 

5.60 

8.7  i 

12.6    I 

22.4 

51.4 

7 

8.18 

5.77 

32.33 

22.90' 

2 

7.99 

12.5 

18.0    i 

32.0 

71.9 

8 

9.35  1 

6.60 

3('>.94 

26.18  ' 

3 

9.81 

15.3 

22.1 

39.2 

88.3 

9 

10.51 

7.42 

41.56 

29.45 

4 

11.33 

17.7 

25.5 

45.3 

102.0 

10 

11.68 

8.25 

46.18 

32.72   1 

5 

12.68 

19.8 

28.5     1 

50.7 

113.8 

11 

12.86  1 

9.06 

50.80 

35.»   1 

6 

13.88 

21.7 

31.2     1 

55.5 

124.9 

12 

14.02  1 

9.91 

55.42 

39.26   . 

7 

14.96 

23.6 

33.7     1 

59.8 

134.9 

13 

15.19 

10.73 

00.03 

42.54 

8 

16.00 

25.1 

36.0    , 

64.0 

144.1 

14 

16.36  1 

11.56 

64.65 

45.81 

9 

17.01 

26.6  1 

38.3    , 

68.0 

153.1 

15 

17.53  1 

12.38 

00.27 

49.0B 

10 

17.93 

28.1 

40.3 

71.6 

161.3 

16 

18.70 

13.21 

73.89 

52.35 

11 

18.80 

29.5 

42.3    1 

75.2 

160.3 

17 

19.87  i 

14.04 

78.51 

55.62   , 

12 

19.65 

30.7, 

44.2    1 

78.6 

176.9 

18 

21.04  , 

14.86 

83.12 

58.90 

13 

20.46 

31.8 

45.9    1 

81.8 

184.1 

19 

22.21 

15.69 

87.74 

62.17 

14 

21.22 

33.0 

47.6    1 

84.« 

190.9 

20 

23.37 

16.51 

92.36 

65.44 

If. 

21.95 

34.2 

49.3    1 

87.8 

197.5 

21 

24.54  , 

17.34 

96.96 

68.71 

16 

22.67 

35.2 

50.9     1 

90.7 

203.9 

22 

25.71 

18.17 

101.60 

71.98 

17 

23.37 

3ti.3 

52.5    , 

93.5 

210.3 

23 

26.88  ' 

18.99 

106.21 

75.26 

18 

24.06 

37.5 

54.1 

96.2 

216.5 

24 

28.04  1 

19.82 

110.83 

78.53 

19 

24.72 

38.6 

55.6    ' 

98.9 

222.5 

25 

29.11  , 

20.64 

115.45 

81.80   , 

20 

'2.5.37 

39.0 

.57.0 

101.6 

228.5 

26 

90.38  ' 

21.47 

120.07 

85.07   1 

21 

•26.02 

40.6 

.58.4 

104.2 

234.3 

27 

31.. 55  1 

22.29 

124.69 

88.34 

22 

26.6«'» 

41.6 

59.9    i 

106.7 

240.0 

28 

32.72 

23.12 

129.30 

91.62 

23 

27.28 

42.6 

61.4 

109.2 

245.6 

i     ^ 

'          30 

33.89 

23.95 

133.92 

94.»   1 

24 

27.90 

43.5 

62.8 

111.6 

251.1 

a5.06 

24.77 

138.54 

98.16   1 

25 

28.49 

44.4 

64. 1 

114.0 

2;')6.4 

1          31 

36.23 

25.59 

143.16 

101.43 

2tl 

29.a'i 

4.5.3 

6.5.3     ' 

116.2 

2fil.4 

1          32 
1          ^ 

'       a5 

37.40 

26.42 

147.78 

104.70   1 

27 

'2Q.m 

4(>.l 

66.4     ' 

118.2 

266.1 

38..57  ! 

27.25 

152.39 

107.98   ! 

28 

30.08 

46.9 

67.5 

120.3 

270.4 

39.64  1 

28.08 

157.01 

111.25 

29 

30.. W 

47.. -> 

68.5     1 

121.9 

274.1 

40.45 

28.64 

161.63 

I14..52 

30 

30.94 

48.2 

09.4     , 

123  4 

277.6 

'          36  1  41.60 

29.46 

166.25 

117.79 

3«i 

4K 

.34.1 
.39.1 
43.  H 

.->,3.2 
01.0  . 

(«.4 

76.7     ^ 
880 

98.0 

136.3 
1-16.-1 
175.2 

:«Xi.6 
3.52.1 
394.3 

j  Continue  by  adding  for  each  inch  -      | 
[ 1.15         0.82  ;      4.62          3.27 

72 

48.2 

7.')  2 

108.0 

102.9 

434.0 

84 

-.1.0 

Sl.O 

IIO.S 

207.0 

407.0 

1 

Wt 

.V..«l 

S«^.7 

12.5.0 

222.2 

.500.0 

KW 

:ks.9 

02.0 

i:i2.o 

2.3.5.9 

.530.8 

12() 

«J2.2 

08.0 

l.fiJ.O 

24X.7 

'►.59.5 

132 

»i.').J 

102.0 

1 40.. 5 

200.4 

.58.5.0 

144 

TkS.O 

1(M1.4 

1.53. 1 

272.2 

012.. 5 

NoTK.  -T«)  oonvort  n'sull.s  into  cubic  f«H»i,  divide  tho  numlM»r  oi  gallon.s  by  7.5,  or.  more  accurt**^ 

by  7.4K. 

The  flow  in  pip«»s  of  dijinu'lcrs  not  giviMi  in  the  tabh'  can  oasily  1  0  obtained  in  the  following maD** 

For  J-inch  pipe,  niulliply  dischar|;e  of  1-inch  pipe  l>y 

Forf-inch  pip<',  multiply  discharge  of  1-inch  pipe  by 

For  1  J-inch  piix'.  multiply  discharge  of  1-inch  pipe  by 

For  1  J-inch  pipe,  multiply  disK'harge  of  1-inch  pipe  by ■•    * 

For  ^inch  pipe,  multiply  discharge  of  2-mc\\  pVpe  \>\ •    ' 
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lp«.  moltiplr  diKhvvv  of  3-iiicfa  pipe  b J -I.OO 

xpe,  multipl 7  diaehar^e  of  3-iiicfa  pipe  b  j ^  OA 

ipe,  multipl J  diKliar]^  of  Mncfa  pipe  by &'iS 

Ipe.  multiplr  dUefaarfe  of  3-iiieh  pipe  by 9.00 

ipe,  multiplj  duebarge  of  2-iDCh  pipe  by I6.iW 


P  TTFIOAL  WXUS. 
WVQ«  in  Jordan  River  and  Ciak  Lake  raUtifit. 
I  of  water  above  surface  indieated  by  plus  — :  l«lov  surface  in«licated  by  minus  — .] 


oimcr. 

Diam.- 
ler. 

Depth. 

Height  of 

TMt^T. 

Yield  per 
minute. 

' 

iurkt*. 

Ffet. 

Ffft. 

Gdiloa^. 

T.  1  N..  R.  1  E..  M€.  31 

do 

75 
t»l 

- 

>od 

•son 

do 

4H 

_ 

e 

r.lX..R.lE..sec.32 

T.  1  X..  R.  1  W.,  s«.  I 

do 

2 

35 

I^ 

312 

-14 

J 

T.  1  X..  R.  1  W.,  sec.  3     . 

2 

■*■ 

5 

.  . 

T.  1  X..  R.  1  W..  iwe.  4 

T.  1  X.,  R.  1  W.,  sec.  5 

2i 
f  i 

1.002 
497 

Manv. 

on 

T.  IX..  R.  1  W..  sec.9 

2 

0 

T.  IX..  R.  1  W..  SW.  ID 

n 

150 

* 

li 

do 

li 

230 

^ 

5 

y 

T.  1  X..  R.  1  W..  sec.  11 

u 

Hi 

iO-50 

1 

T.  IX..  R.  1  W..  Mec.  15 

T.  IX..  R.  1  W..  sw.  IT 

2 
2 

47» 
400 

-»- 

nald 

40 

T.  1  X..  R.  1  W..  sec.  21 

2 

450 

-^ 

30 

T.  1  X..  R.  1  W..  sec.  22 

li 

ItV 

* 

3-7 

do 

2 
o 

:{30 

28 

2li 

lKV-70 

+ 

4- 

3 

!*on 

T.  IX..  R.  1  W..  sec. -23 

...  .do 

pr 

T.  1  X..  R.  1  \V..  MPC.  2.'* 

do 

IJ 

•» 

do 

n 

70 
401) 

i- 

T.  1  X..  R.  1  W..  sw.  2ii 

3 

do 

o 

140 
154 
20S 
40S 

4 
4 

1  ■■* 

T.  1  X..  R.  1  W..  s€«c  27 

1 

e 

do 

2 
2 

T.  IX..  R.  1  W..  si-c.  34 

25 

do 

li 

2.'iO 

4- 

1 

do 

2 
2 

:w) 
:v-iO 

4- 
4- 

li 

' do 

T.  1  X..  U.  I  W..  siK^.lii} 

11 

140 

4 

do 

2 

210 

t- 

5 

do 

2 

;tT0 

-*-    1 

15 

: do 

li 

13i-| 

4- 

2 

do 

2 

130 

4 

3 

s 

do 

li 

OK 

4- 

2 

T.  1  .v.,  U.  1  W..  MT.  ;«i 

li 

1« 

4- 

15 

oek 

do 

2 

M 

4- 

;i5 

' .lo 

2 

i2:t 

4- 

.'«) 

« 

do 

li 

1(K) 

4- 

25 

' do 

li 

75 

+ 

5-20 

f 

: do 

75 
75 
90 

- 

.  ...do 

IJ 

n 

do 

do 

2 

2 

WO 

■V 

1 
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Wells  in  Jordan  River  and  Utah  Lake  valleys— <)ontmued. 


Name  of  owner. 


Location. 


S.  A.  Olbbs T.  1  N.,  R.  1  W.,  nee.  36., 

F.  Auerbach T.  1  N..  R.  2  W..  sec.  25. 

J.  Bond !  T.  1  N.,  R.  2  W.,  sec.  29. 

Do I do 

Cnllen  Dairy '  T.  IN,  R.  2.  W..  sec.  35.. 

J.  Walicer T.  I  S..  R.  1  E.,  sec.  5... 

P.  J.  Stone do 


I 


J.  Lunn do 

W.  J.  Kelson do 

8.  McKay do 

Speirs I do 

Do do 

J.E.Wesley '  T.  IS..  R.  I  E.,  sec.  ( 

J.  Warburton do 

II.  S.  Sampson ' do 

W.Wheeler do 

T.  Oolightly ' do 

S.  K.  Hansen do 


Diame- 
ter. 


Depth. 


Height  of     Yield  per 
water.        loinute. 


Inches. 
2^ 


2  . 

2I 


W.N.  Sheets T.  1  S..  R.  I  E..  sec.?.. 

F.  Sproul ' do 

G.  Bailier do 

F.  Rogansky do 

City,  about  16  wells. . .' do 

E.  O.  Butterfleld I do 

J.S.Wooleyand  others do 

T.  Berg do 

Do ' do 

W .  Colton do 

L.  Badger do 

J.  W.  Hicks do 

A.  Duncan T.  1  S..  R.  1  E..  sec.  8.. 

T.  Antislll do 

S.  M.  Alley do 

S.  H.  Calder ' do 

8.  Sudbu ry do 

J.  R.  Miller do 

P.  Rosma.son j do 

Mrs.  M.  Larsen 1 do 

W.  Pick«Mis I do 

A.  Ames :  T.  1  S..  R.  1  E..  sec.  9.. 

A.  S.  Martin '  T.  I  S.,  R.  1  E..  sec.  10. 

J.  A.  ShclnT I  T.  1  S.,  R.  1  E..  s.>c.  15. 

L.  Hunt I do 

A.  Hord I  T.  1  S..  R.  I  E.,  si-o.  Ifi. 

I 
A.  Martin 1 do 

H.  E.  Thorp 1 do 

J.  S.  Southern ,  T.  1  S..  U.  1  E..  si-o.  17. 

A.  Buggs I <lo 


2-9  I 

2  I 


2 

2I 
2| 

"I 

2 

3 1 

2  ' 


J.  E.  Nnilor.... 
T.  Y.  Taylor... 

W.H.Miller.... 
W.  H.  Burnett. 
M.  ('.  Sandford. 


.do. 
-do. 
-do. 
.do. 
.do. 
.do. 


2I 


o  Owner's  uanve  v\u>s.wov.'\\. 


Feet. 

Feet 

OoUmi. 

75-80 

4- 

« 

400 

401 

+ 

4 

465 

+ 
4- 

9 

80 

+ 

30 

16 

-6 

73 

45 

-12 
-  6 

29 

40 

12 

~* 

75 

82 

.^         7 

387 

-»- 

10 

_ 

100 

+ 

162 

+ 

fr^ 

100 

-»- 

30 

125 

+ 

♦ 

170 

+ 

12 

150 

-»- 

* 

100-600 

+35 

(new 

178 

+ 

24 

150-200 

+ 

30^ 

155 

+ 

SO 

160 

+ 

50 

60 

4- 

6 

165 

+ 

30 

no 

+ 

2i 

50 

-   1 

SO 

■f 

3 

26 

_ 

246 

+ 

1) 

390 

4- 

8 

207 

4-12 

50 

41 

- 

28 

-  ^6 

42 

—  7 

100 

- 

130 

- 

85 

-65 

51 

-30-50 

54 

- 

56 

-46 

18 

- 

32 

- 

22 

-  4-16 

20 

-  5-14 

too 

_ 

200 
335 

4- 
4- 

6 
50 

15  1 

-  3-11 

33i 

-  3 

LIST   OF"  TYPICAL   WELLS. 
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WelU  in  Jordan  River  and  Utah  Lake  vaUeytt — (bntinued. 


1  pwni*F. 

liOCatkHt. 

trr. 

Deplh. 

Feet. 

Height  of 
Feet. 

Yii'Jd  wr 
mlnulF. 

^ 

Inchci. 

Gallotu. 

T. 

I  B.   R, 
.do 

IK. 

wc* 

17.... „ 

33 
10 

-28 

1) 

,do. . , 
,do. . . 
1  B..  R. 
.do... 
.do. . . 
Att... 
.do,,. 

1  E. 

"»;. 

18 

2 
2 
2 

2 

48 ; 

325  \ 

3«.| 

100  ! 

1(>4 
lf» 

-43 

+ 
+ 
+ 
+ 

T. 

4-5 

30-40 

s 

30 

10 

Ibury 

... 

18 

es 

.do... 
..do... 
..do... 

..do„. 
.do... 

2 

2 

2 

.       .                2 

20 

72-82 

500 

eoo 

63() 
150 
40 

325-;iro 

501 

382 

17 

250-300 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 

30-40 

an 

5 

12-14 

0 

(?)  150 

..do... 

..do.,. 
..do„. 
..rio... 

..do... 
..do... 
..do... 

o 

2. 

2  1 

3 
2 

10 

18 

30-40 

80 

(?)  100 

sen 

1-13 

..do... 

2 

322 

+ 

55 

«) 



..do... 

5M) 

+ 

20-30 

itfzhoh. .. 

... 

..do... 
..do... 

3 
2 

40 

298 

+ 

10-12 

..do... 

2 

100 

+ 

5-6 

..do... 

IJ 

50 

+ 

8 

T. 

..do... 
1  S..  R. 

1  E. 

wc. 

19 

3 

100-170 
323 

— 

n 

..do... 

2 

296 

+ 

50-60 

on 

..do... 

2 

285 

+ 

60 

— 

..do... 
..do... 

2 
2 

150 

4:r7 

+ 

+ 

25 

lO-oO 

..do... 

100 

..do... 

2 

04 

+ 

17-20 



... 

..do... 

2 

(X) 

+ 

1 

1 

do 

2 

176 
ISO 
90 

+ 
+ 

4- 

18 

; 

..do... 

2 

20-25 

g 

..do... 

20-25 

or 

..do... 

2 

ISl 

+ 

(?;  100 

aU 

..do... 
..do... 

2 

84 
212 

+ 
+ 

10 

1 

irr 

..do... 
..do... 
..do... 

2 
2 

75 
240 

f 
+ 
+ 

30 

1) 

.dr.... 
..do... 

2 

150 
150-160 

40 

t 

46 

T. 

1  S..  K. 
do 

1  K. 

84  »C. 

20 

23 
2(i 
t)5 
40 
162 
156 

-20 

r 

..<lo... 
..do... 

3 

+ 
+ 
-V- 

5-6 

s      

..do... 
.do... 
,do.,.. 

2 

i 

'n 

1& 

yn I 

>\ 

a  Owner's  name  unknown. 


62  UNDERGROUND    WATER    IN    VALLEYS   OF    UTAH. 

WeUs  in  Jordan  River  and  Utah  Lake  fxtfhyji  -Contiiini?ti. 


Nam(>  (it  OWIKT- 


Loctttlon. 


'   Dfamp-  ' 


Inches. 


C.  Hansen T.  1  8.,  R.  1  E..  nee.  20.. . 

P.  U.  Ryon do 

G.  Cusiman do 

W.  C.  Smoot do 

J.  NelT T.  IS..  R.  1  E..  8cc.  2e. 

C.  Banford do 

J.  Fisher T.  1  S..  R.  1  E..  sec.  27... 


J.  Young 

F.  Ercickson... 

J.Childs 

W.M.Tillman. 
F.  Degpnhart... 


do 

T.  1  8.,  R.  1 
T.  1  8..  R.  1 

do..... 

do 


E.,  JMx;.  28... 
E..  sec.  29... 


J.  P.  Cahoon do 

W.  8.  Tlmmons do 

J.  T.  Gueat do 

R.  Pike do 

J.  Madsen do 

J.  8.  Gustavenaen do 

II.  HiJtrard do 

Mrs.  C.  Green do 

Do do 

8.  F.  Evans do 

O.  Recce do 

Do do 

Do do , 

L.  Stiitts do 

S.  Hicks do 

E.  E.  Keithley do 

II.  Burnett do 

Do do 

W.  J.  Miller do 

G.  Fairhourne do 

J.  Treinayavc T.  1  S.,  R.  I  E.,  sec.  30. 

G.  Taylor. . , do 

W.  Chantron do 

J.  J.  Sp«»ncer do 

M.  M.  Listen do 

J.  C'olKTt <lo 

School <lo 

(}.  CahhT do 

R.  N'onnun do 

Mrs.  A.  S.  Herg do 

\.  .lohunsen do 

('«)  do 

MiirrHV  Liv«'  Stcx'k  Co «1(> 

M.  Kniidson «lo 

L.  White do 

E.  J.  Williams do 

Do do 

C.  Ilalford do 

A.M.  Uymarson T.  1  S..  R.  1  E..s«»c.  31. 

Do do 

Parks do 


L 

J.  Hulse do. 


Feet. 
»         22- 

158 
18 
22  I 
23 

100 
33 

184  , 
27 

68  ' 


w»t<:r. 


I 


26 
194  i 
187 

40 
260 
190 
200  , 
184 
215 
208 
200 
245  ' 
245 
141-143 
100 
120 
202 

24 
200 
128  , 
251  ' 
104  ' 
235 
240  , 
110 
216 
218  I 
130 
100  I 


175 


300 
185-230  1 
82-83 
50 
160 
202 
72 
237 
160  ! 


Feet. 


4- 
4- 
4- 
+ 
+ 


mill  tile. 


GaUmu. 


15 
19 


-  20 
-104 

-  25 


4- 

+  ' 

+  » 

+  • 


a  Owner'  a  n&me  \iQ5LTio"'ra. 


LIST   OK  TYPICAL   WELLS. 
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WeUs  in  Jordan  River  and  Utah  Lake  %'alleys — I'ontinued. 


fifcer. 

l^iillcin. 

ler. 

r»eplh. 

Height  of 
water. 

Yield  per 
minutr. 

tmhes. 

Ftti. 

Ffet. 

GaUons, 

..    T.  1  R.,  R.  1  E.,  8«j.3l 

2 

130 

+ 

20 

do 

2 

255 

4- 

30 

do 

do 

2 

83 
209  ! 

+ 

40 

do 

211 

+ 

20 

do 

2 

203 

+• 

12 

do 

150 

-f- 

(?)  110 

do 

do 

90 
130 

+ 
+ 

15 

do 

80 

+ 

i 

do 

2 

244 

+ 

8 

..    T.  IS..  R.  1  E..8«c.  32 

2 

210 

4- 

28 

di 

70 

4- 

35 

do 

196 

4- 

6 

do 

•2.15 

4- 

20 

do 

..  .....do 

RW 

im 

4- 
4- 

1-12 

.     .do 

2 

1H5 
193 

4- 

do 

1 

do 

2 

^'i 

4- 

do 

33 

- 

24 

do 

25 

_. 

•>•> 

do 

54  5() 

do 

..    T.  IS.,  R.  1  K. ,««?.:« 

do 

3 

70-1:0 
25 
520 

-  419 

do 

3 

:W) 

+ 

2^") 

..    T.  18.,  K.  1  W..WO.  I 

li 

317 

■f 

1 

do 

2 

:xx) 

4- 

20 

dwn.. 

do 

li 

2(r2 

4 

2 

T.  18..  R.  1  W..j««<r.  J 

do 

3 

120 
1,100 

-1- 

4- 

:w 

do 

2 

114 

f 

li 

I 

do 

2 

31S 

■f 

fi 

do 

2 

3.r) 

4- 

4 

do 

1 

!».■) 

4 

2J 

'^y 

do 

4 

1.072 

4 

30 

Hi 

..    T.  1  S..  R.  I  W..  w'o.  ;i 

2i 

3S1 

4- 

Ifi 

..    T.  1  S..  R  I  \V.,8ec.  4 

2 

2S0 

4- 

3 

..    T.  1  S..  R.  1  W..W-C.  5 

2 

m) 

4- 

4i 

7 

do 

2 

3S.*i 

-t 

n 

..    T.  1  S..  R.  1  W..SOC.  : 

do 

2 

i:>4 

4(X'i 

- 

10 

do 

..   T.  1  S..  R  1  W..(«*c.  s 

U 

l.Vl 

:«5 

4 
4- 

1 

1 

r>l 

..    T.  IS..  R.  1  \\\,^K'.'A 

2 

:rjo 

-f- 

5-6 

do 

li 

w 

■f 

I 

1 

..    T.  1  S..  R.  1  \V..w>c.  10 

3 

»)24 

•f 

:«)-40 

..    T.  1  S..  R.  I  W...s<K».  11 

o 

377 

4- 

9 

1 

do 

2 

130 

4- 

2l>-30 

do 

1«5 

4- 

ft-7 

<lo 

2    . 

;4rt7-387 
456  1 

4- 
4- 
4- 

25 

.do 

2 

&-« 

,.; do 

2 

eo-70 

a  Owner's  namo  unknown. 
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UNDEKOROUND    WATER    IN    VALLEYS    OF    UTAH. 


WeUs  in  Jordan  River  and  Utah  Lake  valleys — C>>ntinued. 


N&m<e  of  ownPT. 


Loc&tfotl. 


.  H.  1  W. 


c.  K. 


.  R.  1  W.^sec.  3fi. 
,  R.  2W,,  BW.  1.. 


»R.2W.,  wc.  li*- 

,  R.3  W..ap<!.  2K, 


,  H.  2  W.,  sec.  27. 
.  R.  2W.,8ec.  29. 
.  R.2  W.^sec.  3:^. 
.  R.2\V.,8ec.  34. 
.  R.3W..80C.  2.. 


tef. 


.L 


E,  Kldd,.,. , i  T.I  a.,  R.  1  W.,  soe.  12, 

,\.  H^  White ,...,. do 

J.  Amlerfton„. i  T,  1  S,.  R.  1  W.^iftj.  13. 

J.  H.  ShflJTer,. do „,,.„ 

I 

Lftiabert  V%v^v  Co  .,.,,.„  *(lo  ,.*....,*,.,».,.* , 

R.  Cutter ***,-.  J do 

J.  G»bbot |.....do 

t")  .....do 

J,  S,  Mtjt.'»Jtaw. ,, J  T.  1  8.,  R.  I  W.,  wc.  U. 

J,  CI.  <linnm*n... '  T*  1  &..  R-  1  W.,»c.  16. 

SchfHilhuu§e. ..i  T.  1  8..  R.  1  W.,sft:.17. 

S.  C\  Sudbury T.  1  S.,  R,  I  W.,  we.  18- 

JL.  S.  Hiuweti '  T.  IS.,  R.  I  W..  dpc.  ai. 

N.  Hwiaen.... -.....,  J  T.  18.,  R.  I  W.,  mcSi. 

S.  Borenaen  .,*,,»..  ^ ... , do  * , 

GllchrUt ,   T.  t  a.,  R.  1  W.,  KKC.  a!i. 

Rocthill ' do ^*„,- 

F,  AualLn.., ,..  J-...,do........ 

O.H*  Walton .......do. 

B.  Hmnnoii.. '  T.  1  S.<  R.  1  W.,wc.  3fl, 

(■)  T.  1  9..  R,  1  W.,  see.  2S. 

Muri^y,, ,..,.„„' — .do.. »,..,.., ,.. 

C.J.L*mtwrt........,l  Tafl.p  RaW..aee,  30. 

L^  Burden ' do , 

N-  P.  Peterson i  T.  1  B..  R,  1  W\,  sw.  31. 

J.  C.Pouiton do..,, 

(oj  I  T.  1  8- 

T.  R.  Jonei..... I  T.  IS, 

Do. do 

W  1  T.  1  S. 

J,  F.  Auderaon.,, '  T.  IS. 

i«j  I... -do 

a^  T.is. 

Wolfltoiiliotni -  * T,  tS. 

Spf^jicei'. . , , ,_._,.!,.,  „dcj  ,-,.,„.  — ...... 

Oabu  ..._.„. ....... .  ..do .,^ 

BuCtJ^rwDrth ' do .... 

T.  Went. I  T.  IS.,  11,  2Vir.»»c.a2. 

X .  T .  W  pji  t I d  i» 

J.Michaels ,  T.  1  S..  R.  2  W..  sec.  23. 

J.  llayhoc I  T.  1  S.,  R.  2  W.,  sec. '2fi. 

Goodwin '  T.IS. 

A.rockerill '  T.  1  S. 

Spcira i  T.  1  S. 

J.  Kersey T.  1  S. 

Inland  Crystal  Salt  Co.    T.  1  S. 

Salt  Lake  and  Los  An-    do ' 

geles  Rwy.  Co.  j 

P.J.  Reid T.  1  S..  R.3  W..aec.  24 

J.  Bertock do 1 

J.  Neilson T.  2  8.,  R.  1  E..  sec.  3 j  ^ 

O .  Coleman do I 

T.  Newman do i 

T.  0uDdeB8er,jr T.2  S.,Il.l  K.,8ec.4 A 


J 


r 


J 


T 


D«ptb. 
FfH. 
300 

IB 

177 
9 15 
380 
37.1 

390 
400 
412 


145 
3(B 

130 

145 
S'SO 
350 
2TO 


Hdgtit  oF 

water* 


Ftel. 


Y\Mf 


30Ol 

345 
7fi| 
140 
1«0  ' 

\m 

30 

m ' 

1^  : 
175  ' 

m , 

40 

90  , 
177 

27' 
118  I 

84  , 
166  \ 
720  i 
330 

134 

73  1 
540 

02 

65 

18 


+ 
+ 

+  r 

430    . 


+ 
+ 
+ 
+ 

4-3 
+  6 
+ 

-21 
-14 

-66 
4-  9 
+  12 

+ 
+ 


LIST   OF -TYPICAL    WKLL8. 
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WdU  in  Jordan  River  and  Utah  Lake  ndUifs —Continued. 


owner. 

Location 

. 

Diame- 
ter. 

IVpth. 

Height  of 
water. 

Yield  pr 
minuU'. 

Inche*. 

Feet. 

Feet, 

OalUms. 

)ank 

T. 

2  A.. 
..do. 

R. 

IE. 

ftec. 

4 

104 
102 

46 
2.'> 

id 

..do. 

..do. 

..do. 

do 

2 
2 
2 
3 

7H 
99 
232 

4- 
+ 

24 

4 

an 

do 

2 

•.rr. 

_ 

..do. 

2 

7(H00 

+ 

20-34 

..do. 

2 

«5 

+ 

4 

..do. 

:u«i 

+ 

20 

..do. 

a 

122 

-70 

28., 

1  K. 

.  MV. 

5 

200 

+ 

u 

..do. 

■  •  ■  -. 

2 

los 

+ 

25 

IS 

..do. 

...» 

2 

IN) 

+ 

3  .'> 

ark 

..do. 
..do. 

90 
3S4 

+ 

■4- 

2 

5 

2  8.. 
..do. 

IE. 

.  sec. 

ti 

2 
2 

l(K) 

im 

10 

10 

..do. 

2 

«I0 

-,- 

:« 

..do. 

2 

2.V> 

■f 

2H 

..do. 

2 

HO 

.+ 

4 

..do. 

2 

2.V, 

+ 

40 

>n9Pn 

..do. 

2 

210 

+ 

.       20 

2  8.. 
..do. 

IE. 

,  we. 

2 

3  ' 

115 

+ 

40 

1 

kson 

..do. 

2 

m 

+ 

;« 

I* 

..do. 

2 

31.-. 

+ 

15 

us 

..do. 

..do. 

..do. 

do 

2 
2 

100 
1<.)0 

1«) 

+ 
+ 
+ 

4 

10 

:<8 

ski 

..do. 

:m 

+ 

2 

2  8., 
..do. 

1  E. 

9PC. 

K 

2;« 

4- 

10 

..do. 

r> 

K". 

+ 

(7)liiO 

..do. 

2 

Kl> 

- 

22 

..do. 

.HO 

20 

..do. 

172 

- 

10 

..do. 

IJ 

HO 

-i- 

20 

tohory 

..do. 
..do. 
..do. 
..do. 

4 

4 
2 

N) 
310 

(?)130 

(7)100 

40 

17 

..do. 
2S.. 

I  E. 

sec. 

<) 

- 

4- 

M) 

1 

120 

6 

•d 

..do. 

..do. 

do 



.... 

2 
2 
2 

14^ 

9(i 

27.V  2.-.0 

4- 

4- 

4- 

18 
20 

..do. 

3 

fiO 

4- 

(7)100 

p 

..do. 
..do. 
..do. 

2 

n 

100-103 

92-06 

100 

4- 

4- 

4:1 
25 

ao 

T. 

..do. 
2.S.. 

K. 

1  E..  9PC. 

aDr\ 

10 

2 

4- 

30 

1 

U 

(•) 

'  9  monthfl  in  year. 

167—06- 

—6 
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UNDERGROUND    WATER    IN    VALLEYS    OF   UTAH. 


Wells  in  Jordan  River  and  Utah  Lake  vdlUys — Continued. 


Name  of  owner. 


I 


Location. 


Diame-      n^nth       Height  of    Yl« 


I 


I  Inches 

A.  Olander T.  2  S.,  R.  1  E.,  sec.  15 

J.Sniilet do 

J.Smith T.  2  S.,  K.  1  K.,  flw.  16 

J.  Hemmert ' do : 

S.  Neilson do 

S.  F.Smith ' do 

A.  L.  Hansen do 

J.  W  McHenry ' do 

J.  Hobbs do 

J.  Furgeson ' do 

I.  Furgeaon ■ do 

O.  Headman do 

J.  Brighouae T.  2  S..  R.  1  E.,  aec.  17.... 

H.V.Ballard do 

O.  Peterson \ do 

District  school do 

R.  Brown do 

p.  M.Ballard do 

Mrs.  Shumann do 

II.  E.  Howe do 

D.  A.  Rauser do 

J.  T.  Erickson do 

F.  C.  Howe do 

Do do 

J.  B.  Thompson do 

Do do 

E.  Taylor T  2  S.,  H.  1  E..  a«?.  18.... 

E.  Oillen do 

H.  Berger do 

C.  Turner do 

H.  Chambers do 

J.  Jones do 

J.  H   Wheeler do 

South        Cottonwood    do 

Ward. 

Do do 

Mrs.  J.  Clark do 

M.  Sibbs T.  2  S..  R.  1  E..  sec.  19. . . . 

N.  Nelson do 

C.  Atkinson T.  2  S.,  R.  1  E.,  sec.  2<).... 

II.  Wh<>eler do 

C.  B.  Waldor do 

C.J.  Wright do 

W.  Barrett T.  2  S.,  R.  1  E.,  sec.  21 

J.  E.  Brown do. 

II.  C.  L.  Russell do i 

J.  W.  Fawlkc '  T.2  S.,  R.  1  E..  sec.  22 

.\.  Fawlke do 

R.  Jones i  T.  2  S.,  R.  1  E.,  sec.  2H 

A.  D.  Brown T.  2  S..  R.  1  E.,  sec.  27 

(fl)  '  T.  2  S..  R.  1  E.,  sec.  28 

W.  Baggas T.2  S..  R.  1  E..  sec.  29 

D.  M.  Oriffln do 

/.  A.  Wsgstaff I do 


I 


Feet. 

18 

15 

20 

78 

18-20 

20 

22 

18 

113 

CO 

60 

92 

58 

83 

14 

250 

40 

46 

5(M» 

60 

45 

175 

90 

190 

75 

80 

125 

20-v» 

90 

70-m 

200 

22 

75-100 

75-100 


110 
18 
50 
22 
10 
12 
22 
10 
16 
13 
50 
6 
12 
80 
96 

125 
18 
22 
35 


Feet.  Ga 

-  16 

-  10-11   

-  4-17  

-  40 

-  N-10  

-  10        

-  11 

-  12 

-  9        

+ 

+  

+  16 

-  9       

-  12       

4-    8       

A-  . 

4- 

4- 

4- 

+  i 

+ 

4- 

-117 

-  10 

-  4-13   

-  10       .... 

4- 

4- 


55 
93 


LIST   OF  TYPICAL   WELLS. 
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Wells  in  Jordan  River  and  Utah  Lake  vdUeyB — Continued. 


Location. 


Diame- 
ter. 


T.2S.,  R.  lE.,8ec.29. 


"I  , 


I 


T.  2  S.,  R.  1  E.,  aec.  30. 

j do 

do 

;  T.2S.,  R.  1  E.,  sec.  31. 

\. do 

Ten. do 

I do 

do 

do 

do 

T.  2  S.,  R.  1  E.,  sec.  32. 

..do 

do 

T.  2S.,  R.  1  E.,  sec.  33. 

'  T.  2  S.,  R.  1  E.,  sec.  34. 

n T.  2S.,  R.  1  E.,  sec.  35. 

do 

T.  2  S.,  R.  1  VV.,  sec.  1 . 

' do 

do 

do 

; do 

I do 

' do 

T.2S.,  R.  1  VV.,  sec.  2. 

do 

T.2S..  R.  I  W.,  sec.  3. 

do 

I  T.2S..  R.  1  W.,  sec.  6. 

1  T.28.,  R.  1  W.,  sec.8. 

' do 

do 

!  T.2.<^.,  R.  1  W.,8ec.9. 

T.  2  S.,  R.  1  VV.,  sec.  10 

,  T.  2S.,  R.  1  VV.,  sec.  11 

I do 

do 

T.2S 

ingCo...' do 

do 

! do 

n I do 

T.  2  S 


mmer. 


do 

do 

do 

T.  2S. 

do 

do 

do 


Inches. 


Depth. 


'               3 

,  R.  1  VV.,  see.  12 ■               3 

1 

2 

1 

2 

1               2 

,  R.  1  VV.,  see.  13 3 

....                  .                      3 

2 

.  U.  1  VV.,  .see.  14 '              3 

1 

!               24 

1 

Feet. 

30 

35 

200 

22 

40-50 

29-30 

51 

90 

53 

26 

15 

100 

14 

200 

22 

40 

50 

40 

40 

100 

287 

140 

90 

65 

280 

372 

240 

212 

260 

56  ' 

1.57 

120  ' 

l.V) 

no  I 

141 
315  I 
222  I 
323 
85 


,  Height  of 
1     water. 

Yield  per 
minute. 

1       Feet. 

OaUons. 

-  26-27 

-    7-10 

-  25-34 

'       -2« 

-  41 

-  CO 

-  75 

-200 

(«) 

i       -- 

Dry. 

'       -  26 

4- 

20-35 

+ 

40 

+ 

2 

+ 

22 

1       + 

25 

'       4- 

8 

-    18 

1       -♦- 

6 

-   10 

-  2,'> 

'I 


37 
f.O 


I       - 


-  36 


o Dry  in  winter. 


100 

249 
117 
34.'> 
180 
60 

»i 
50 
80 
22  I 
175 

180  I      + 
b  Owner's  name  unVcxioNni. 


30 

10 
40 
12 
6 


35 


40 
15 
20 
20 


va. 


68 


UNDERGROUND    WATER    IN    VALLEYS    OF    UTAH. 


WeUs  in  Jordan  River  and  Utah  Lake  wfiey*— Continued, 


N&me  of  ovtwr 

1                     Locfttlon. 

1 

D«ptti, 

HelghUri     Yi* 
water.        miD 

J  Andencm 

1 
T.  2  S..  R.  1  W.,  B«,  15.. *,»..„. 

fneheM. 

117 

tes 

345 
225 
140 

las 

30 

2»1 

20 

325 

230 

180 

100 

254 

137 

28 

178 

1,000 

52 

80 

217 

127 

300 

21 

225 

190 

50 

30 

174 

150 

38-40 

14-16 

40 

28 

^  75 

56 

125 

16 

30 

40 

80 

95 

34 

65 

10 

18 

18-20 

16 

42 

70 

24 

41 

22 

66 

fiofaooL 

.J do. „ 

50       j 

W.  DUimond       *   * 

T.  2  S.,  R*  1  W»,  •<«.  22 

9 

110        ..... 

It.  Pftrtor 

do , 

m      _.... 

H.  IJftnswn 

"     1 
...J„„.do 

•0 

tft} 

T.  2S.,  R.  1  W.^fw*.  23.-... 

24        

C  £ri<^ltAnTi- ■ » 1^' >* 

....|  T.  a8.>  R*  1  W.,  e*<?.  24,,,....,., 

12        .._.. 

Eh  Batenian 

....   T,  as.,  R.  1  W.pflfcSS ...... 

3 

(B) 

'        ..do.....          . 

le      . 

Bingham  School... 

J.B.Wright 

E.  Gardner 

Cooper 

W.  D.  Runsal 

....j do 

....    T.2S.,R.  1  W.,sec.26 

...' do 

1  T.  2S.,R.  1  W.,sec.27 

do 

3 

:::::::::: 

3 


60 
40 

20     ;.... 

30       I 

do 

33        L... 

A.  L.  Cooley 

Olsen 

1  T.  2  S.,  R.  1  W.,  sec.  30 

1 

.'  T.  2S.,  R.  1  W.,  sec.  33 

20-30   .... 

Cannon  Farm 

....]  T.  2S.,  R.  1  W.,sec.  34 



3 

3 

30 

R.Egbert 

P.  T.  Kundquist. . . 
M.  Pusler 

•do..   .. 

24 

■""■'  .do.:.:::  :::::::::::. 

18         

.    T.  2S.,  R.  1  W.,  sec.  35 

53 
25 
17 
8 
75 

J.  Peterson 

do 

N.  L.  Gardner 

'         .do 

3 

G.  Hunt     . 

1  T.  2S.,  R.  1  W.,sec.  36 

S.  M.  Wilmorc 

1 do 

3 

N.  Nelson 

do 

P.  Jansen  .   .     .  . 

' do 

1 

.do 

17        1 

P.J.  Wolff 

....    T.  2S.,R.  2  W.,8ee.  11 

Olsen 

....    T.  2  8.,  R.  2  W.,sec.  27 

3 

-H 

6 
25 

H.  Brown 

. . . .    T.  3  S.,  R.  1  E.,  ^ec.  2 

W.  L.  Bateman.. 

...    T.  3S.,  R.  1  E.,  sec.  5 

E.  Johnson 

C.  Peterson 

....1  T.  3S.,R.  IE.,  sec.  6 

....1 do 

A.  Yelter 

n.  p.  Hansen 

...    T.3S.,R.  lE.,soc.7 

...  '  T.  3S..  R.  1  E.,8ec.  8 

70         .... 
45-52  1 

P.  Anderson 

!  T.  3S.,  R.  1  E.,  sec.  9 '. 

R.  Dcspain 

C.  Williams 

....|  T.  3S.,  R.  1  E.,  sec.  11 

T.  3S.,  R.  1  E.,sec.  17 

_ 


28 
24 

F.  01st>n 

'  T.  3S.,  R.  1  E.,  sec.  18 

P.  A.  Yastrop 

J.  P.  Jenaon 

. . . .    T.  3  S.,  R.  1  E.,  sec.  19 

do 

E.  N.  Fish 

T.  3S.,  R.  1  E.,  sec.  21. 

J.  L.  Johnson 

T.  3S..  R.  1  E.,  sec.  22 

J.  W.Smith 

n .  Pearson 

....    T.3S..  R.  1  E.. sec.  28 

T.  3S..  R.  1  E.,  sw.  29 

J.  Tarry 

....'  ....do 

N.  Brown 

do 

J.  R.  Stocking 

A.  J.  Wilson.       .  . 

do 

T.  3  S.,  R.  1  E.,  sec.  32. 

4 

62 
18 

J.  R.  Allen 

do 

J.  Ennis 

....' do 

35         

J.  Boulter 

....|  T.  3S.,  R.  1  E.,  sec.  33 

17         

F.  B.  Ladler 

do 

( 

a 

Owner's  name  unknown. 

Vtl\«c 
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Location. 


,  R.  1  W., 
,  R.  1  W., 


BGC.  2. 

sec.  3. 


?ton. 


T.  3S.,R.  1  W..8ec.  1. 

do 

do 

do 

T.  3S., 

T.  3  S., 
do 

T.  3  8.,  R.  1  W.,  mx.  12. 

T.  3  8.,  R.  1  W.,  8«j.  13. 

T.  3  8.,  R.  1  W.,  aoc.  15. 
do 

T.  3  8..  R.  1  W.,  sec.  23. 

do 

T.  3  8.,  R.  1  W.,  8«j.*24. 

' do 

do 

T.  3  8.,  R.  1  W..  spc.  2ri. 

do 

T.  3  8.,  R.  1  W.,  sec.  26. 

T.  3  8.,  R.  1  W.,  stHJ.  27. 

J T.  3  8.,  R.  3  W.,  sec.  2i>. 

I  T.  4  8.,  R.  1  E.,  sec.  5... 

' do 

do 

T.  4  8.,  R.  IE.,  sec.  6... 

T.  4  8.,  R.  IE.,  sec.  32.. 

do 

d i  T.  4  8.,  R.  IE.,  sec.  33.. 

I do 

'  T.48.,  R.  1  E  ..sec.  24.. 

T.  4  8..  R.  1  W.,  sec.  3.. 

do 

do 

T.  5  87,  R.  IE.,  sec.  4... 

I \  T.58..R.  lE.,sec.5... 

T.5  8.,R.  1E.,8€<>.  7... 

ge ' do 

do 

' do 

' do 

ji ! do 

!  T.  5  8.,  R.  1  E.,  sec.  8... 

do 

do 

do 

, do 

i  T.  5  8.,  R.  IE.,  see.  9... 

j do 

\ do 

do 

.do 


OS  Ange- 
Jt   Lake 


..do. 
..do., 
.do.. 


Diame- 
ter. 


Inche*. 


IJl 

U 
2 


2 

2 
2 


Depth. 

Feet. 

323 

200  : 

30  ' 

412  , 

23(> 

250 

212 

137 

15() 

25.5 

500 

50 

28 

30 

127 

28 

15 

133 

90  : 

225  ■ 

102  I 

4oo; 

40  I 
125  I 
20  ; 
41 
15 
42 
21 
25-80 
30 
99} 
130 
32 
15-:)0 
KM 
125 
125 
90-100 
193 
90-100 
12  I 

145 ; 

75! 
12  ' 
20 
145 
130  , 
135  I 
300  I 
330 


Height  of 
water. 


3»\ 

140  \ 


Feet. 
-40 


Yield  per 
minute. 


Oaliojis. 


-58 
-43 
-20 
-40 

-45 

-85 


-  4 

-40 
+  12 
-«0 


-10 
-3.'> 


-40 
-40 
-20 
-10-40 


H-10 


+ 
+ 


-  S 


12-15 
12-15 


55 


4 
23 


*«» 


a  Owner's  name  unknown. 


70 


UNDERGROUND    WATER    IN    VALLEYS    OF    UTAH. 
Wells  in  Jordan  River  and  Utah  Lake  vallcifg — Continued. 


^km»  of  ownor, 


Location  P 


^fe^     Depib, 


HhtHll**,  ,*---.- -... 

Wlnj,_...„ ,... 

Andervon ...... 

QUcfaHil...*. 

Banw7. , 

D.  WagftAff ,*.,.,, 

A*  L.  Thornton ....... 

AmerU^an    Fork,  city 

J.  B.  Oreene,* 

J, Stewart ,. 

Broadbent 

A.  K*  Thornlfln,.»»„, 

T.  J.  ChlpTnaii .., 

J*  Petera 

A.  Fldd..,.,, ......... 

Mrs.  K.  Fox ,, 

O.  EJllngton .*., 

E,  A.  Bu^bmiui ... 

AiiiJt^r»on_. ....... — 

D.  J.  ThurmaD, 

J .  Donald  son , 


T.  5  8.,  H,  1  K.,  i*c,U... 

dd 

,.,.do .,.,.. 

....do., ..., 

i do ,..,.... 

•  T.  »8.*R,  1  E.,  sec.  10. 

T.&B;  H.  1  E.,fcc.  H. 

....do., 

.,..(lo.......... 


2 
U 
1* 
2 

n 

n 

2 
2 

3 


1  E..HC.  1£. 


do , 

T.  5  S..  R.  1  E.,  *«.  Iti 

do 

....do _ 

.....do .,..,-,., 

,„.do.. .............. 

....do 

....do ,.„. 

....do 

....do.......... 

do 

T,  £  S.,  R,  1  £..  aec.  17 

do......... 

.„,. do.. .*....„...... 

....do -..,.. 

do........... 

„.,do 


J.  Stewart-...,..,..  ...1...  ..do. 


T.£S..R.l£.|»ec.l8.. 


P.  Jacftbs, ,,,,,..,...-.--  ,..do. 

J,  Woodhou».., ,,,... do. 

II.  Evans J do. 

Hto   Gran*J(?  Western    .....do. 
Rwy. 

0.  Weblj 

S.  R.  Taylor...........  .....do .., ,.... 

W.  ILChipman |  T.  6  9.,  R.l  E.,«e.  23.... 

Do........... T.  5  S.p  R,  2  E.,  ace.  11 

B.  WUIU T.  5S,,  R.2E.»  Jeo.  18 

U.  Evant.. __...,_.. ^.do. ...,...,.. 

ift  T.  SS.,  R.  a  E.,  K?c.  19..,- 

J.  D.  Godcy do........... ..... 

^,  E.  Davis ,.,,',,...(10............ 

W.  Huwi." ...,....,    T.  5  3..  R.2  E.i  we.  30.,,. 

riftflw*. , , . .... .-. do. , 

Loll...... T,  ASm  R.2  E..  ft*.  21.... 

.<*,  T.  .">«..  R.aE.p  aee.23.... 

Etgin  creanicry do 

A.  F.  Adams do 

American  Fork  City do 

W.  Anderson T.  5  S.,  R.  2  E.,  sw.  25.... 

W.  D.  West T.  5  8.,  H.  2  E.,  sec.  29.... 

Do do 

(o)  do 

Wadley d:. 

W.  D.  \Ve8t do 


Ferf. 

14S 
110 

ISA 
1^ 
130 
145 
2T0 
201 

im 

ISO 
16Q 
1« 
ISO 

£43 
2tia 

33 

tea 

130 


Feet.         Gait<mf 
—  2 

+ 


+       I 


-25  I 


I 


h 


+ 
+ 
—   2 


90 
147 
IfiO 

133 

lao 
iia 
t« 

140 

IM 


IBS 
15S 
147 
135 
160 


100 
264 


^m 


64 
TO 

74 
3Q0 


9 
Ml 


+ 


+  S 

+30 

+  a 

+  10 

+ 

+ 
+ 

+ 
+ 

+ 


i(» 


^ll» 


+ 
+ 


1-^ 


.\ 


-3>, 


o  Owner's  name  uw^tTvovm. 
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WeUs  in  Jordan  River  and  Utah  Lake  mWey*— Continued. 


net.        1                     Locfttlon. 

ter. 

I>eplh. 

Itefght  of 
wAtar. 

Yield  per 

1 

InchfM. 

Ffft, 

FfeL 

Oatiimt. 

, ,,   T.5B.,R.2E.,«c.2B 

2 

115 

+ao 

45 

T  a  a.   R.2  E-  aw.  33.            .*   . 

f 

]:¥) 

+ 

'...'..do! ■ """..;. 

2 

80 

+ 

40 

do 

2 

160 

+ 

90 

....do 

2 

150 

+  15 

T.  5  8..  R.  2  E.,  sec.  35 

2 

90 

+ 

25 

do 

100 

+ 

T.  5  8.,  R.  1  W.,  8ec.  1 

100 

+ 

80 

...    T.  5  8.,  R.  1  W.,  aec.  12 

2 

100 

+  71ns. 

(a)>out    do 

2-6 

100 

+30 

(?)2,000 

% 

T.  5  8.,  R.  1  W.,  sec.  13 

2 
2 
2 
2 
2 
3 

258 
112 
160 
210 
130 
110 

+ 
+ 
+  14 

+ 

+ 
+ 

32 

do           ....             

T.  5  8.,  R.  1  W.,  sec.  24 

• 

T  68    R  2  E.   sec.  5 

do 

T.  6  8.,  R.  2  E.,  sec.  7 

(?)260 

..do 

2 
2 

112 
110 

+  11 

+ 

T.  6  8.,  R.  2  E.,  sec.  8 

(?)100 

'o 

T.  6  8.,  R.  2  E.,  sec.  10 

72 
110 
250 

-67 
-80 

T.  6  8.,  R.  2  E.,  sec.  14 

do 

3 

do 

tiO 

-40-55 

do        .     . 

2 

300 
72 

-62 

T.  6  8..  R.  2  E..  sec.  15 

r T.  6  8.,  R.  2  E..  aec.  17 

2-3 

12C-140 

+  1-10 

(?)l-200 

do 

2 

100 

+ 

30 

'  T.  6  8.,  R.  2  E.,  sec.  18.      .     .     . 

3 
2 

100 
110 

+  12 

+ 

do 

(?)ido 

T.  6  8.,  R.  2  E.,  sec.  21 

2 

104 

+ 

25 

T.  6  8.,  R.  2  E.,  sec.  23 

T.  6  8.,  R.  2  E.,  sec.  24 

52 
40 

-50 
-36 

T.  6  8.,  R.  2  E.,  sec.  26 

T.  6  8.,  R.  2  E.,  sec.  28 

48 
2 

65 
110 

-60 

+ 

10 

do 

li 

98 
125 

+ 
+ 

10 

T.  6  8.,  R.  2  E.,  sec.  34 

do 

2 

110 
130 
210 

+ 

+ 
-25 

do 

T.  6  8.,  R.  2  E.,  sec.  35 

.do        

24 
50 

-40-45 

T.  6  8.,  R.  3  E.,  sec.  31 

T.  7  8.,  R.  2  E.,  sec.  I 

2 

217 

+ 

48 

do 

2 
2 

145 
145 

+ 
4- 

6 

T7S     R2E     8ec2 

do 

2 
2J 
2 

n 

145 
150 
130 
135 

+ 
+  10 

+ 

+ 

8 

do 

do 

85 

T.  7  8.,  R.  2  E.,  sec.  3 

25 

do 

2 

110 
128 
35 
50 

+ 
+ 

do 

do               .                       

T7S     R2E     soc4 

T.  7  S.,  R.  2  E..  w-c.  9 

2 

342 

+ 

80 

T   7  S     R    2  F     sec    10 

12 

_  4 

T.  7S.,  R.  2E..  5MX?.  11 

2 

\%\ 

\    ^ 

sa 

0  Owner's  name  un\ 

tnown. 
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UNDERGROUND   WATER   IN    VALLEYS   OF   UTAH. 


WdU  in  Jordan  River  and  Utah  Lake  valleys — Continued. 


Name  oi  owner. 


Location. 


Westron '  T.  7  S..  R.  2  E.,  sec.  11 

W.  B.  Johnson do 

M.  Christensen do 

B.  Johnson do 

W.Carter do 

Rio   Grande   Western  !  T.  7  S.,  R.  2  E.,  sec.  12 

Rwy.  I 

San  Pedro,  Los  An^^    do 

les   and    Salt    Lake  i 
R.  R.  , 

W.  R.  Pike do 

Do do 

W.  J.  Woodhead do 

II.  Manney do 

Hospital j do 

W.  Scott do 

8.  W .  Sharp do 

Farris  B ros do 

S.  Copp do 

Watkins  &  Taylor do 


R.2E.,  see.  14. 


R.  2E.,  sec.  16. 
R.  3E.,  sec.  6.. 


R.  3E.,  sec.  8 

R.  3P:..  sec.  17 

R.3E.,8ec.29 

sec.  30 


I  (o)  I  T.  7  S., 

A.  B.  Johnson i do. 

O.  T.  Peay T.  7  S., 

A.  W.  Hanrer \  T.  7  S., 

T.  E.  Thurman , do. 

J.  Anderson ;  T.  7  S., 

Utah  Co.  Infirmary...'  T.  7  S., 
H.M.  Dougal I  T.  7S., 

Do T.7S.,R.3E 

Clubhouse do 

Do do 

P.  Boyer T.  7  S.,  R.  3  E.,  sec.  31... 

Rio  Grande  Western  ;  T.  7  S.,  R.  3  E.,  sec.  32... 
Rwy.  I 

(o)  I do 

J.B.Stevenson T.  7  S. 

D.  Wheeler do 

D.Clark do 

A.  Cox do 

W.  Findley \ do 

(fl)  \ do 

A.  Oakley do 

(«)  do 

J.  McCurdey do 

(«)  , do. 

T.  L.  Mendenhall do. 

S.  Fuller do. 


M.  Dougal do 

E.  P.  Brinton do 

McKenzie do 

Daley do 

F.  W.  Phillips do 

(o)  1 do 

W.  Brookes T.  8S.,  R.  1  E.,  sec.  11.. 

ra)  I do 

(a)  \  T.  8S.,R.  lE..sec.2A. 


Diame- 
ter. 


Depth. 


Height  of     YicM] 
water.     <    minui 


Inches. 


Hi 


U 


2 

2  I 

li' 
2 

3  ' 
2' 

2 

I 

u, 

2  i 

2 

3 


,  R.  3  E.,  sec.  33 

H 

2 

2 

3 

2 

2 

2 

2 

2  I 


Feet. 
180 
160 

lfi8-178 
150 
170 
175  ' 
1 
192  I 

I 
248  I 
198  !. 


2  i 


'I 
"I 

2  1 

u' 


180  I 

150 

197 

185 

175  , 

300 

145 

170 

137 

140 

333 

150 

270 

180 

220 

299 

128 

150 

220 

232 
101 

131  ' 
240 
230 
135  , 
115 
128 
105 

22 
120 
245 

25 
230 
130 

132  > 
145 
217 
138  ; 
160  i 
100  ! 


Feet. 


+ 


-»-35  ' 


Oalk 


+ 
+ 

+ 


-»-  5 
+  2 
+20 
+20 

+ 
+  10 

+  4 

+ 

+ 

+ 

+30 

+ 

+ 

+ 

+ 

+  18 

+ 

+ 

+ 


+ 
+ 


+ 
+ 
+ 
+ 
+ 


Vc 


a  Owner's  name  un^tno-wt^. 
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Wdls  in  Jordan  River  and  Utah  Lake  vaUeyn — Continued. 


ler. 

Location. 

Diame-  < 
ter. 

Depth. 

Height  of 
water.     ! 

Feet. 

+ 

+ 

+ 

1 
+  10 

+ 

+      i 

+ 

+  12 

+  10  ' 

+ 

+ 

+  10 

^      1 
+      1 

+ 

+ 

-  4 

i 

+ 

+       1 

+ 

+ 

+ 

+ 

+        ! 

+      ! 

+ 

+ 

+ 

+      1 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

-  6 

+ 
+ 
+ 
+ 
+ 
+ 
+ 

+       ' 
+       ; 
-V 
■V 

Yield  yer 
minute. 

• 
T.8  8.,  R.2E.,8ec.2 

T.  8  8..  R.  2E.,  «ec.  4 

....do 

1 
Inches.   ' 
2 

U' 

2, 
li 
2  ! 

li 
2 
2 
2 

•^i 
li 
3 
2 

2  I 
2  : 
1 
2 
2 
3 

2  ' 
0  1 

1 

Feel.     ■ 

438 
•  3{i«i 
380 
175 
112  , 
175 
225 
400 
230 
3.50 
400 
300  ' 
142 
430 
280 
260 
220 

405 
380 
423 
374 
380 
400 
600 
373 
160 
380 
450 
412 
387 
170 
130 
4.5 
475 
333 
250  i 
560 
400 
286 

.385  , 
.HiO  ' 
250 
137 
31H-320  1 
390  ' 

42.5 
385 
415 
4.50 
175 

Oaikms. 
25 
72 

20 

do 

20 

do 

do 

T.  8  8.,  R.  2E.,8ec.  7 

10 
12 



T.  8  8.,  R.  2  E.,  sec.  8 

do 

do 

T.  8  8.,  R.  2E..»ec.« 

do 

8-25 
35 
8 

40 

T.  8  8.,  R.  2  E.,  see.  10 

do 

T.  8  8.,R.  2E.,8ec.  12 

do 

25 
10 
5 

T.  8  8.,  R.  2  E.,  sec.  13 

Ange- 

do 

36 

T.  8  8.,  R.  2E.,  fm-Q.  14. 

16 

do 

60 

T.8S.,  R.  2E.,8ec.  15 

do 

1 
60 

do 

30 

do 

60 

ttl 

do... 

3 

l\ 
2! 

■'! 

li, 

2 

2  i 

li' 

2 

2 

li 

li. 

2 

2 

3 

2 

2 

2 

2    . 

2 

li 

2 

2 

2 

1                \\ 

(?)  118 

1 

T.  8  8.,  R.  2  E.,  sec.  16 

do 

3 

T.  8  8.,  R.  2  E.,  sec.  18 

do 

30 

T.  8  8.,  R.  2  E..  sec.  19 

do 

15 
6 

do... 

2 

do 

3 

T.  8  8.,  R.  2  E.,  8W.  20. 

10 

T.  8  8.,  R.  2E.,soc.  21 

do 

16 
8 

do 

20 

do 

10 

T.  8  8.,  R.  2E.,.s<«c.  22 

do 

6 

T.  8  8.,  R.  2  E.,  8<«c.  'n 

do 

8 
35 

do 

T.  8S..R.2E..s«'e.  2.5 

T.  8  8..  R.  2  E.,  sec.  2»i 

do 

35 
64 
14 

T.  8S.,K.  2E.,sec.  27 

do 

(10 
35 

T.  8S..  R.  2  E..  sec.  28 

do 

5 

T.  8  S.,  R.  2  E..  sec.  29 

do 

8 

do 

TSi 

....do 

^5^ 

«  Owner's*  name  unknown. 
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WeUs  in  Jordan  River  and  Utah  Lake  vaUeys — Continued. 


NiUDQ  of  owner 


LocatiDii, 


BtewArt'!!  rjincti  ,.„,.,   T.  S  S.,  R.  2  E.,  *oc  », . 

C.  Hickniiiii -do  .^ ^ . . . . . 

S.  P.  LrtrpDwn do 

P.J.  LuDdiUe,.. ....... I  T,iS..  R.  2E.,  Bee-aa, 

J»  H»we.  - ,...._... ,  ^.^'  T.  B  S. ,  R.  3  E-,  aaa.  3S. 

J.  J.  H*n»n (.....do 

O.  SUky..., d* 

Do L.,.-do.,,.  .,..„,.„., 

W.  O,  Cfwr }  T,a9.,  R,  2E.,  9Pe*3a. 

Creamflnr^-^"- -1  T»g8.,  R.  3E, 

J,  Ai]dn«on T.*S.,R.  3K 

M.  C,  Kltiff ,.-.1  T.  fiS.,  R.  a  E 

Do *.-*..,»«^,^,^..do. ..,.,., 


9VC,  4-.. 
■PC.  *. . . 

sec.  7.,, 


CI 


T.  Sd..  Ft.  3E.,  i«e.g.. 


Sugar  fHclory . . I .do  ^  ^  „ ,  „ .  „ , 

T.  B.  Jonea , '  T.  SS.,  R.  a  E, 

(4)  I  T.SS.,  R.  SE. 

H.  A.  HbiIbii I do., 

J.  P.  Holt do..,.. 

J,  O.  RolMJrt Jioii .do ................ 

O.  l^eBaron >  T.  9  8.,  K.  i  E.,  bw.  7. 

McBeath i  T.  9  8.,  R.  1  E.,  sec.  12, 

J.Webb I  T.  9  8.,  R.  1  E.,  sec.  13 

F.  Rouse '  T.  9  8.,  R.  1  E.,  sec.  32. 

J.  E.  Gardner T.  9  8.,  R.  2  E.,  sec.  1. 

(a)  I do 

(o)  I  T.  9  8.,  R.  2E.,sec.  2. 

(o)  ' do 

(o)  I  T.  9  8.,  R.  2E.,Bec.  3. 

(o)  do 

(o)  ' do 

8.  Douglas. '  T.  9  8.,  R,  2  E.,  sec.  5. 

Do do 

Dixon  Bros do 

P.  Windward do 

T.  E.  Daniels T.  9  S.,  R.  2  E.,  sec.  6. 


C.  Long 

D.  LeBaron 

(«) 
A.  Bingham 

Do 

Creamery 

C.  Hanks 

A.  Burke 

J.  Sheen 

O.  R.  Thomas.. 

II.  Boyle 

J.  Job 

Do 

W.  M.  Phillippi. 

Rudd  estate 


do 

T.9S. 
T.9S. 
T.  9S. 

do 

....do 
....do 
....do 

do 

T.  9  S. 
T.  9  S. 
T.  9S. 
T.  9  8..  R 
T.  9  S.,  R 
T.  9  S.,  U 
T.  9S..  R 


R.  2E.,8ec.  7.. 
R.  2E.,  sec,  10. 
R.  2E.,sec.  11. 


R.  2E., 
R.2E., 
R.  1  W. 
R.  1  W. 
R.  1  W., 

1  W. 

1  W. 


tiir. 


I 


ineket. 

2 
2 
3 

2 
2 

a 

2 

u 

2 
2 
2 
2 

H 


Depth. 


Feet. 


I  Height  of      Yield  per 


,  sec.  29 

,  sec.  30 2 

.  sec.  2.') '  I 

,  S(MJ.  20 1  1 

,  sec.  33 1  2 

,  sec.  S.") 2 

.  sec.  3(; 2 

A.  Steele T.  10  S..  R.  1  E.,  sec.  6 

E.  Hawkins I  T.  10  S..  R.  1  E.,  sec.  17 

H.Johnson I  T.  10  S.,  R.  1  W.,  sec.  2 

a  Owner's  name  un^v\ovcn. 


172 
163 
175 
200 
380 
185 
380 

20 
144 
145 
170 
154 

30 
123 

22 
140 

30 
100 


360 
247 
180 
290 
155 
200 
200 
160 
375 
^  228 

50 
130 
300 
140 
116 
160 
217 
438 
196 
275 
225 
175 
296 
279 

20 
90-126 
50-  60 
220 
165 
200 

58 

85 
V» 


water. 

Feet. 

+ 
+ 

+ 
+ 

+ 
4- 
+ 

+ 

-15 

+ 

+ 
4- 
+ 


\ 


minute. 

Oallonjs. 
5 

IS 
2S 

1 

» 
10-»^ 

» 

13 
24 
10 

u 


27 


-16^  I 


+ 
-1 


-125 


-  80 


+  

4-  

4-  

+  30 

4-  

4-  (?)   125 

4-   15    

30 

4-  (?)  100 

4-  1                       55 

4-  20    

4-  '                    37 


3 
15 
8 


10 
25 

35 


KV30 
12 


i 

2 
7-S. 
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Wdh  in  Jordan  River  and  Utah  Lake  vdUeys — Continued. 


ae  of  owner. 

Location. 

Diame- 
ter. 

Depth. 

Height  of 
water. 

Feet. 
-100 

-  3 

-  4 

-  4 

-  3 

-  20 

-  7 

-  86 
-222 

Yield  per 
minute. 

?hillippi 

Jbertson. 

T.  10  8.,  R.  1  W.,  sec.  4     

Inches. 

2 
2 
2 
2 
2 
2 

Feet. 
168 
178 
307 
300 
420 
77 
412 
70 

334 
160 
8 
TjO 
70 
GO 
.53 
*116 
238 
138 

OaUons. 

T.  10  8.,  R.  1  W.,  sec.  9 

do 

do 

.      .do 

berry 

T.  10  8.,  R.  1  W.,  sec.  11 

ry 

T.  10  8.,  R.  1  W.,  sec.  12 

do 

ande  Western 

do : 

'h 

T.  10  8.,  R.  1  W.,  sec.  14 

2 

homas 

T.  10  8.,  R.  1  W.,  sec.  15 

Wells. 

do 

2 
2 
2 
2 
2 
2 

.do 

is          .   . 

.  ..do 

ook 

do 

T.  10  8.,  R.  1  W.,  sec.  21 

T.  10  8.,  R.  1  W.,  sec.  30 

(O) 

T.  10  8.,  R.  1  W.,  sec.  33 

a  Owner's  name  unknown. 


INDEX. 


A.  Page,   j 

Aipine.  water  supply  of 19 

Amencan  Fork  (town),  water  supply  of, 

source  of 49 

wellsin «-50 

Amencan  Fork  (stream),  description  of 6,49 

•li^ciiarge  and  run-off  of.  table  showing.  21 

view  of 50 

water  from,  analysis  of 90  , 

use  of « 

AiDerican  Smelting  and  Refining  Company, 

well  of.  record  of 46 

wells  of.  water  from,  analysis  of 32 

Analyses  of  water  from  various  streams  and 

springs 30, 32 

Artesian  wells.    See  Wells,  flowing. 

B. 

Battle  Creek,  description  of 6 

dr&inacTC  of,  effect  of,  on  wells 51 

wAter  of.  use  of 49 

Bear  River,  description  of 6  , 

B«ck's  hot  spring,  water  from,  analysis  of. .       30 

Bed  rock,  water  from 50,53 

»  ater  from,  methods  of  obtaining. 37, 40 

B^n  jjftmin,  underground  water  conditions  at.       54 

Big  f 'ottonwood  Creek,  description  of 7, 45 

di«*harge  and  run-off  of.  table  showing.  21,25 

rocks  on 9 

water  from,  analysis  of 30 

use  of 44,45 

Bi?    crottonwood    Creek    Valley,    seepage 

measurements  in 28 

Bi(?  Hollow  Creek,  description  of 53 

BingAi&m.  mines  at,  water  In 37,40 

rocks  near 10 

water  supply  of,  source  of 40 

B I  ngham  Canyon,  placer  mining  in 40 

Bingluim  Consolidated  Company,  wells  of . .       37 

Bingham  Creek,  descnption  of 3f» 

Bingham  Junction,  smelters  at 5  , 

wells  at.  water  from,  analyses  of 32 

B<^nneville  region.  Pleistocene  history  of...  12-13 

Bonneville  shore  line,  description  of 12-13 

Bonneville  terrace,  description  of 47  ' 

Boutwell,  J.  31.,  on  dischaige  of  Ontario 

tunnel 37 

on  Park  City  and  Bingham  mining  dis- 
tricts          8 

on  weU  drilled  for  oil 41 

Brnwn.  R.  E.,  analyses  of  water  by 30 

Bureau  ot  Soils,  Department  of  Agricult  ure. 

experiments  in  reclaiming  laud  j 

near  Salt  Lake  City  made  by....       43  | 

Butterfleld  Canyon,  wrings  m 40  I 

tunnels  driven  for  water  m 37  i 

Butterfleld  Creek,  description  of 30  | 

Butterfleld    tunnel,    water    in,    litigation  I 

cauaedby 40! 


C.  Page. 

Cambrian  fossils,  occurrence  of 10 

Cambrian  rocks,  occurrence  of 9, 10, 11 

Cameron,  F.  K. ,  analyses  of  water  by 30 

Cannon  fann.  well  on 41 

Capitol  Hill,  reservoir  on 45 

Carboniferous  rocks,  occurrence  und  char- 
acter of 9, 10, 1 1 

City  canal,  discharge  of 24 

City  Creek,  description  of 7 

discharge  and  run-off  of,  table  showing.  19 

rocks  on 8 

water  from,  analysis  of 30 

use  of 44, 45 

Clarke.  F.  W.,  analysis  of  water  by ;JU,.33 

Climate,  character  of i:M8 

Colorado  Fish  Company,  woll  of,  descrip- 
tion of rii 

Comer.  11.  ('..  on  gi^neral  9<vtion  in  vioinity 

of  I>^lii 48 

Convfrsf,  W.  ,\..  analyses  of  water  by 32 

Coop«*r,  William,  well  of.  wati'r  from,  anal- 
ysis of .i2 

Cotton wockI  Canyon,  view  in 24 

Cox.  A.,  well  of .'kJ 

Currant  ('n*»'k,  description  of 6 

n'ser\'oir  on,  failure  of ,"> 

rocks  on 11 

water  from,  analysis  of ;U) 

use  of o'> 

I). 

Dalton  and  Lark  tunnel.  d«'scription  of 40 

water  in.  oecurren«>  of M 

Dams,  subsurfae<',  n'covery  of  underground 

water  by ;i7 

I)e  Bernard,  J.  11..  analyses  of  waU-r  by :V2 

Dead    Mans    Falls.    Cottonwood    Canyon, 

plate  showing 24 

Dearborn  laboratories,  analyses  of  water  by.  32 

Dwker  Lake,  ditch  at  out  let  of,  discharge  of.  25 

Devonian  rocks,  occurn-nc*'  of 8,9,  U 

Don-mus.  A.  F.,  si)ring  discharge  measured 

by 44 

Drainage,  character  of 5-7 

Drainage  a  n'a  discuss<'d.  ma[)  showing 6 

Dra;M>r.  warm-water  lakes  near.  des<'ription 

of 47 

Dr>'  Cottonwood  Cnvk.  description  of 7 

water  from,  analysis  of ,'«> 

Dry  Creek,  desoriiition  of ^ 6,48 

Dry  Crw'k  Canyon,  springs  in 49 

Du  Chesne  River,  source  of 6 

E. 

East  Jonlan  canal,  discharge  of 24 

East  Tintic  Mountains,  location  and  eleva- 
tion of 6 

structure  of 11 

Eighth  South  street  ditch,  discharge  of 25 

11 


78 


INDEX. 


rage. 

Electric  power,  development  of 37,39 

Emigration  Creek,  description  of 7 

discharge  and  run-off  of,  table  showing.        19 

valley  of,  rocks  in 9 

syncline  developed  in 37 

water  from,  analysis  of 30 

use  of 44,45 

Emmons,  S.  F.,  on  descriptive  geology 7 

Evans  Spring,  water  of.  use  of 53 

Evaporation  at  Utah  Lake 17 

F. 

Fault  in  Wasatch  Mountains,  description 

of 8,9,10 

Flowing  wells.    See  Wells,  flowing. 

Fort  Douglas,  water  supply  of,  source  of . .       44 

G. 

Gammon,  Harry,  wells  of 35,51 

Gas,  natural,  occurrence  of 32-33 

Geneva,  wells  at 51 

Geologic  history,  discussion  of 11-13 

Geology  of  the  region 7-13 

Gilbert,  G.  K.,  on  Lake  Bonneville 7,11,13 

on  oscillations  of  lake  level   between 

Provo  and  Bonneville  horizons.        13 

Girty,  G.  H.,  fossils  found  by 10 

Goshen,  springs  near 55 

water  supply  of,  source  of 55 

well  at,  water  from,  analysis  of 32 

Goshen  Valley,  underground  water  condi- 
tions in 55-56 

G rpat  Salt  Lake,  elevation  of 5 

fluctuations  of 2.'>-26 

natural  gas  near 32 

supply  of,  sources  of 28, 33 

water  of.  analyses  of 33,34 

Grove  Cn«ek,  description  of 6 

water  of,  us<»  of 49 

Guffey-Galey  well,  description  of 41 

H. 

Hague.  Arnold,  on  descriptive  geology 7 

Heber.  rainfall  at,  table  showing 15 

Highlands,  descriptive  geology  of 8-11 

Hobble  Creek,  description  of C 

Homansville  Canyon,  water  developed  in.. .  5<i 

Hot  Springs  Lake,  outlet  of,  loss  in  flow  at .  25 

Humidity  at  Salt  Lake  City,  table  showing.  U» 

Hydrography  of  the  area 18-20 

L 

Igneous  rocks,  occurrence  of 8,9,10,11 

Inland  Crj'slal  Salt  Company,  well  of 43 

Irrigation  by  artesian  wells 30 

J. 

Jap  Pond,  water  of,  character  of 40 

Jordan  and  Salt  Lake  City  canal,  head  gate 

of,  view  of 12 

wells  sunk  to  increase  supply  of 49 

Jordan  Narrows.  Jordan  River  and  canal 

systems  in.  discharge  of 24 

shore  lines  on  west  side  of 13 


Jordan  River,  area  west  of,  divisfoos  of....  S 

discharge  of 24 

flood  plain  of,  wells  sunk  in 

gate  at  head  of,  view  showing 

lowland  area  west  of,  description  of 41 

sewage  discharge  into 

source  and  course  of ( 

tributaries  of 7.l«t 

underground  water  east  of,  occurrence 

of Kr 

underground  water  west  of,  occurrence 

of 2^ 

upland  area  west  of,  description  of 38^ 

water  from,  analyses  of 

Jordan  River  Valley,  area  of 

drainage  area  of,  map  showing 

ground  water  in.  depth  to,  map  show- 
ing  

flowing  wells  in,  area  of,  map  showing.. 

location  and  trend  of 

seepage  in 24 

topography  and  drainage  of 

K. 

Kimball  Creek,  springs  in  upper  valley  of. . 

water  of,  use  of 

wells  along 

King,  Clarence,  on  geology  of  the  region. . . 

Kingsbury,  J.  T.,  analyses  of  water  by 

Knight,  N.  J.,  wells  of,  description  of 50 

L. 

Lake  Bonneville,  description  of. 11 

location  of 

shore  deposits  of 39 

Lake  Lahontan,  location  of 

Lake  Mountains.    See  Pelican  Hills. 

Lake  shore,  location  of 

Lakes,  warm  water,  occurrence  of. 

Lehi,  artesian  wells  at,  irrigation  from 

flowing  and  nonflowing  well  near,  line 

separating 

wells  at 

flow  of,  decrease  in 

water  from,  analyses  of 

I^hi  and  vicinity,  underground  water  con- 
ditions of 48 

Liberty  Park,  wells  at  and  near,  flow  of 36: 

Literature,  geologic : 

Little  Cottonwood  Canyon,  glaciers  adja- 
cent to,  relics  of 

Little  Cottonwood  Creek,  description  of. . . .    7, 

discha rge  of 

ro<'ks  on 

water  from,  anal\  sis  of 

use  of 

*'  Little  Cottonwood  granite,"  age  of 

Long  Ridge,  springs  at  base  of 

structure  of 

Lower  Carboniferous  fossils,  occurrence  of. . 

M. 

McDonald.  T.  F.,  acknowledgment  to 

Mapleton  Bench,  descripton  of 


INDEX. 
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imBeacAuaetta  State  Board  of  Health,  on  I 

preeervatioa  of  water  supply 

f  rom  contaminatloQ 34-35  i 

Meaaurpment  of  wells,  method  oL 56-^  | 

llercur,  rocka  near 10 

liesozoic  rocks,  occurrence  of. 10  i 

Metamorphlc  rocks,  occurrence  of 8 

Mm  Crwk,  description  of 7,45 

discharge  and  run-off  of,  table  showing  20,25 

ditch  south  of,  discharge  oL 25 

rocks  on 9 

water  of,  use  of 44 

Mill  Creek  Valley,  seepage  measurements  In       28 
Morgan,  £.  R.,  seepage  measurements  by. .       28 

Mormon  pioneers,  irrigation  by 5 

Murray,  smelters  at 5 

well  at,  record  of 46 

well  near,  decrease  in 47 

N. 

Nfttuml  gas,  occurrence  oL 32-33 

North  J ordan  canal,  discharge  of. 24 


O. 

Oplrn  quartzite,  thickness  of 

Oil,  search  for 

Ontario  tunnel,  discharge  of. 

Oquirrh  Mountains,  elevation  and  extent  of. 

springs  in 

structure  oL 

Ordovidan  rocks,  occurrence  of 


P. 

Pileoroic  rocks,  occurrence  of 

Paleozoic  section  in  Wasatch  Mountains, 

table  showing 

Palmyra,  location  of 

Park  City,  mines  of,  water  in 

rainfall  at,  table  showing. 

Parleys  Canyon,  reservoir  at 

Parleys  Creek,  description  of 

discharge  and  run-off  of,  table  showing 

rocks  on 

water  from,  analysis  of. 
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Pelican  Point,  flowing  wells  near 
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natural  gas  supply  of,  source  of 32-33 

rainfall  at 14, 17-18 

rocks  In  vicinity  of 8.9 
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Tlntlc  Mountains,  springs  In * 

Todd,  J.  E.,  on  measurement  of  wat<?r  flow 

frompipes * 

Topography,  features  of ^^ 

Tower,  G.  W.,  and  Smith,  O.  O.,  on  ground 

water  in  Horaansville  Canyon.     »' 

on  the  Tintic  district ' 

Traverse  Mountains,  structure  of ^'* 

Tufa,  calcareous,  occurrence  and  character 

of •* 


U. 


Underground   water.    See   Water,  under- 
ground. 

United  SUtes  Mining  Company,  wdU  of, 

water  from,  analyses  of ^ 

United  States  Weather  Bureau,  meteoro- 
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dirtribulion  of 2»-30 

occurrence  of •  •  •  38-56 

quality  of 30-35 
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SSIFICATION  OP  THE  PUBLICATIONS  OF  THE  UNITED  STATES  GEOLOGICAL 

SURVEY. 

[Water-Supply  Paper  No.  157.] 

;ie  serial  publications  of  the  United  States  (Jeologifal  Survey  consist  of  (1 )  Annual 
ort«t,  (2)  Monographs,  (3)  Professional  Papers,  (4)  Bulletins,  (5)  Mineral 
9urees?,  (6)  Water-Supply  and  Irrigation  Pai>erH,  (7)  Topographic  Atlas  of 
ted  States — folios  and  separate  sheets  thereof,  (8)  Geologic  Atlas  of  the  United 
es» — folios  thereof.  The  classes  numl^ereil  2,  7,  and  8  are  sold  at  cost  of  pul)lica- 
i;  the  others  are  distributed  free.  A  circular  giving  complete  lists  may  ]ye  had 
ipplication. 

lost  of  the  alxive  publications  may  be  obtaine<l  or  consulted  in  the  following 
r»: 

.  A  limited  number  are  delivered  to  the  Director  of  the  Survey,  from  whom  they 
y  l)e  obtained,  free  of  charge  (except  classes  2,  7,  and  8),  on  application. 
.  A  certain  number  are  delivere<i  to  Senators  and  Representatives  in  Congress,  for 
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.  Other  copies  are  deposited  with  the  Superintendent  of  Documents,  Washington, 
C,  from  whom  they  may  be  had  at  prices  slightly  above  cost. 
.  Copies  of  all  Government  publications  are  fumi.she<l  to  the  principal  public 
raries  in  the  large  cities  throughout  the  United  States,  where  they  may  be  con- 
ted  by  those  interested. 

lie  Professional  Papers,  Bulletins,  and  Water-Supi>ly  Papers  treat  of  a  variety  of 
jjects,  and  the  total  number  issued  is  large.  They  have  therefore  l)een  classified 
othe  follow^ing  series:  A,  Economic  geology;  B,  Descriptive  geology;  C,  System- 
5  geology  and  paleontology;  D,  Petrography  and  mineralogy;  K,  Chemistry  and 
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5.  The  present  condition  of  knowledge  of  the  geology  of  Texas,  by  R.  T.  Hill.    1SS7.    *>4  pp.    (Out 
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3.  The  geologj'  of  Nantucket,  by  X.  S.  .Shaler.    1MS9.    Tk)  pj)..  10  pis.     (Out  of  stock.) 
•7.  A  geological  reconnaissance  in  southwestern  Kan«<as,  by  Robert  Hay.     isyo.     ly  pp.,  2  j»ls.    (Out 
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*.  The  glacial  boundary  in  western  Pennsylvania.  Ohio.  Kentucky.  Indiana,  and  Illinois,  by  G.  F. 

Wright,  with  intro<luc'tir>n  by  T.  ('.  Chamberlin.    IMiK).    112  pp..  S  pis.     (Out  of  ^*took.) 
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ilMINARY  REPORT  ON  THE  GEOLOGY  AND  rNDERGROUND  WATERS  OF 
THE  ROSWELL  ARTESIAN  AREA,  NEW  MEXICO. 


By  Cassius  A.  Fisher. 


INTRODUCTION. 

lie  Area  to  which  this  report  relates  is  located  in  southeastern  New  Mexico.  It  comprises 
«t  1,800  square  miles  lying  along  Pecos  River  and  extending  from  a  point  5  miles  north 
SoBwell  to  below  the  mouth  of  Seven  Rivers,  as  shown  in  PI.  I.  In  addition  to  the  discus- 
1  of  the  artesian  waters,  the  report  includes  a  brief  description  of  the  geology  of  the  sedi- 
Dtaiy  rocks,  their  structure,  and  their  relation  to  the  underground  waters.  The  area  of 
ring  wells  is  indicated  on  the  map,  PI.  VI,  and  records  of  representative  wclLs  are  given, 
idi  are  intended  to  illustrate  the  character  and  succession  of  the  water-bearing  beds) 
onnation  respecting  surface  waters  available  for  domestic  and  irrigation  purposes  and 
rief  description  of  the  climatic  and  agricultural  features  of  the  region  are  also  given, 
lie  investigation  was  conducted  under  the  direction  of  Mr.  N.  H.  Darton. 
lie  writer  was  assisted  in  the  field  by  Messrs.  E.  M.  Mitchell  and  R.  Patterson,  and  these 
tlemen  obtained  a  portion  of  the  well  data  upon  which  this  report  Ls  based.  The  system- 
;  measurement  of  well  pressures  was  carried  on  under  the  direction  of  Mr.  W.  M.  Reed, 
net  engineer  of  the  Reclamation  Service,  who  has  done  much  to  promote  the  work.  The 
mica]  analyses  of  the  surface  and  artesian  waters  have  been  kindly  furnished  by  Mr. 
if.  Skeats,  of  El  Paso,  Tex.,  and  the  paleontological  collections  have  been  examined  by 
G.  H.  Girty.  I  am  indebted  to  Messrs.  Hagerman,  Goodart,  Phillips,  Hortcnstein, 
rioc^c,  Hale,  and  others  for  information  concerning  artesian  irrigation, 
n  excellent  report  on  the  soils  of  the  Roswell  basin  by  Messrs.  T.  II.  Mean.s  and  F.  D. 
^r  was  used  in  the  preparation  of  this  report. 

TOPOGRAPHY. 

ii^, — ^The  topographic  features  of  the  Roswell  basin  present  little  variety.  Across  the 
side  of  the  district  there  are  irregular  bluffs  rising  200  to  300  feet  above  Pecos  River, 
i  to  the  west  the  surface  rises  gradually  toward  the  high  limestone  plateau  l)ordering 
kpitan.  Sierra  BUnca,  and  Sacramento  mounta.ins.  The  region  haw  an  average  eleva- 
3f  3,600  feet  above  sea  level.  The  highest  portion  is  along  the  we^t  side  of  the  district, 
e  the  altitude  is  about  4,000  feet.  In  the  southeast  comer  the  altitude  is  about  3,200 
Near  the  junction  of  the  North  and  South  forks  of  Seven  Rivers  there  is  a  high  bluff 
ig  a  north-facing  escarpment,  which  rises  high  above  the  valley  of  the  South  Fork,  and 
e  north  side  of  Eagle  Draw  is  a  small  but  prominent  plat^^u. 

^linage, — ^The  principal  drainage  channel  is  Pecos  River,  which  enters  from  the  north 
lows  in  a  southerly  direction  across  the  district.  The  flow  is  not  large,  but  it  carries  a 
amount  of  water  during  the  entire  year.  There  are  a  number  of  tributaries  from  the 
the  largest  being  the  Hondo,  Felix,  Penasco,  and  Seven  rivers.  Hondo  and  PenrBC) 
ifPerennia]  streams  throughout  their  upper  courses,  \\ave  lW\t  aavrccftaVv^  wiNJaa 
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slopes  of  the  Capitan,  Sierra  Blanca,  and  Sa<^ramento  mountains.  The  Felix  and  Seven 
rivers  rise  in  the  limestone  plateaus  lower  down,  and  drain  a  much  smaller  area.  Hoodo 
River  east  of  Roswell  is  joined  on  the  north  by  North  Spring  and  Berrendo  rivers,  and  oo 
the  south  side  near  its  mouth  by  South  Spring  River.  These  streams  are  fed  by  springs,  tnd 
they  carry  abundant  water  at  all  seasons.  There  are  also  several  snudl  intermittent  stfetoif 
which  enter  Pecos  River.  Those  from  the  west  are  Gardners  Arroyo,  Fourmile  Creek,  Eagle 
Draw,  Cottonwood  Creek,  Walnut  Draw,  and  Zuber  Hollow ;  those  from  the  east  are  Comin*  j 
che  Draw  and  Long  Arroyo. 

Lahef. — At  the  heads  of  North  and  South  Spring  rivers  and  Middle  and  South  Berreodo 
rivers  are  lakes  of  moderate  size.  These  lakes  are  fed  by  a  number  of  small  sprin^i,  which 
derive  their  water  mainly  from  the  unconsolidated  deposits  underiying  Hondo,  Blackwatcr, 
and  Eden  valleys.  Water  rises  to  the  surface  in  the  lower  courses  of  Felix  River,  Cotton- 
wood Creek,  Penasco  River,  Gardners  Arroyo,  and  North  and  South  Foriss  of  Seven  Riren. 
In  the  vicinity  of  Lake  Arthur,  Hagerman,  Greenfield,  and  Dexter,  and  north  along  the eut 
side  of  the  Northern  canal  there  are  lakes  fed  in  part  by  springs  anc)  in  part  by  ae^Mgefram 
the  Northern  canal. 

On  the  east  side  of  Pecos  River,  about  12  miles  southeast  of  Roswell,  are  aeTeiml  deeplakn 
lying  along  the  base  of  the  g3rpsum  bluffs,  which  are  locally  known  as  the  "  Bottomkai  Liktt.*' 
Dimmit  Lake,  the  largest  of  these,  is  situated  at  the  head  of  a  short  ravine  about  2}  miles 
from  Pecos  River.  Near  the  mouth  of  this  ravine,  on  the  north  side,  is  Dee  Like,  and  ikng 
the  base  of  the  bluffs  for  some  distance  to  the  north  several  smaller  lakes  occur.  The  locir 
tion  of  these  lakes  is  shown  on  the  geologic  map,  PI.  lY.  They  have  probably  been  formed 
by  flood  water  from  the  high  slopes  to  the  east,  which,  in  flowing  over  the  exposed  gypsum 
ledges  at  the  edge  of  the  bluffs,  has  dissolved  the  gypsum  and  formed  subterranean  psas^es 
that  now  extend  to  some  of  the  shallow  artesian  flows  in  Pecos  Valley.  A  view  of  one  of  the 
'*  Bottomless  Lakes  "  is  shown  in  PI.  Ill,  ^.  The  water  from  some  of  these  lakes  is  used  for 
irrigation. 

OUTLINE  OF  GEOLOGIC  RELATIONS. 

(lENERAL   STATEMENTS.  ] 

The  rocks  of  the  district  c-omprise   limestone,  sandstone,  clay,  and  gypsum  which  are 
bolievt'd  to  he  of  Permian  ago.     Overlying  theses  deposits  throughout  the  Roswell  basin 
are  extensive  sheets  of  sand,  gravel,  clay,  and  silt,  probably  of  Quaternary  age,  which  hft^® 
lx»en  deposited  in  succossive  terraces  l)etween  Pecos  River  and  the  high  limestone  slopes 
to  the  west.     The  s()-<rallod   Permian  series  of  this  district  con.sists  of  an  upper  red  bed 
menil)er  of  gj-psum,  red  sand,  limestone,  and  clay  600  to  800  feet  thick,  forming  the  hig»* 
bluffs  along  the  oast  side  of  Pecos  River  and  underlying  the  recent  deposits  of  Pecos  Vall^T* 
and  a  lower  monilK»r  of  massive  iinuwtone,  clay,  and  gypsum  of  undetennined  thickn^^* 
which  constitutes  liigh  mggod  s1o[h»s  to  the  west.     Overlying  the  red-bed  division  eadt  ^ 
Poros  River  is  a  n»ddish-!)rown  sandstone  hImhU  1(K)  feet  thick,  which  may  be  of  Cret*^^*^ 
ous  aj;o.     No  subdivisions  hiivo  Ix'on  made  of  the  pn)hahly  Ponnian  nx'ks  in  this  regT*^ 
in  tlio  pn»soiit  reconnaissance. 

PKKMIAN   (?)   SKKIKS. 

Re(l-l>ed  division.  -Thes<'  rocks  consist  o."  alternating?  l)ods  of  gA'psum,  red  sand,  and  cl^* 
with  an  occasional  layer  of  dark-jjray,  compact  limestone.  The  gypsum  predomin^- 
and  usually  occurs  in  Iwds  about  10  feet  thick.  It  is  often  found,  however,  in  thinner  1^^* 
ers,  interl)odded  with  clay  and  limestone.  The  rod  beds  are  provi.sionally  placed  in  ^^ 
Ponnian,  although  no  fossils  have  In'on  found  in  them.  They  are  not  shown  separat^^ 
on  the  p»ologic  map  (PI.  IV).  but  art*  represented  with  the  underlying  massive  limeston  ^^ 
Tlie  upiMT  part  r>f  the  U'ds  is  well  exposed  in  the  bluffs  along  the  ea.st  side  of  Pecos  Riv^^ 
where  a  numlxT  of  secrtions  have  l)een  measurtul.     Tliese  scn-tions  are  as  follows: 
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A.     VIEW   OF    -BOTTOMLESS   LAKES."     EAST  OF   PECOS  RIVER. 


B.     ARTESIAN   WELL  AND   RESERVOIR   EAST  OF  SOUTH  SPRING,   NEW   MEXICO. 


OUTLINE  OF  GEOLOGIC  RELATIONS.  7 

Seetiona  cfgyftum  Huffs  along  the  east  side  ofPecon  Rivtr^  New  Mexico. 

East  of  RtMwell:  ^  Feet. 

Alternating  layen  of  gypnum  and  ivh]  sand,  with  an  occasinnal  layer  of  linuvstoni' SO 

White  fypsura tt 

Red  sand 6 

White,  thin-bedded  gypaum 10 

Red  landBtone  containing  thin  layers  of  limestone 24 

White  gypsum 5 

Red  sand 13 

(tjrpsum 10 

Red  sand 3 

f         Gy^Mum 8 

iU^  sand 8 

Gypsum 4 

Oreenish-gray  sandstone 25 

CI  yp«am ^ ^ 6 

Total 178 

^t  Dimxnit  Lake: 

O  ra,y ,  sandy  llmeatone 20 

Alternating  layers  of  gypsum  and  red  and  gfpen  clay,  with  an  occasional  liod  of  porous  lime- 
atone 100 

<^3'T>sam 4 

^«*1  clay •  2§ 

Gypfcaom 18 

A. H«tmating  layers  of  gypsum  and  red  clay 6 

^yi>sum 11 

-Altomating  lajrers  of  gypsum  and  red  sandstone 0 

^5'I>sain 9 

^^•■<i  clay it 1 

^>T>euni .' 10 

-Alternating  layers  of  gypsum  and  red  clay J5 

^  ys>niin 5 

^^^  clay 1} 

^  y'psum 10 

*^^^cUy 7 

-Alternating  la3rers  of  gypsum  and  n»d  clay 8 

^  y^Mum 0 

*^«Kl  clay,  with  thin  layers  of  gypsum 3 

-^  •  y  psum 6 

ijrt.*  '^*'**^ ~'^ 

^^^t  miles  northeast  of  Artesia: 

^  ■'^y,  compact  limestone 5 

^  5"p8um  and  red,  sandy  clay  in  alternate  8Ucc(*8sion (•»5 

*^^^^,  sandy  clay 10 

^*^te.  massive  gjrpsum 15 

'^^l,  sandy  clay 5 

^V"  Kite  g]rpsum 10 

^  «^y  limestone 5 

^3rpeum 18 

^e«3  clay 12 

^Jrpsum 5 

.                Total 150 

**^t  2  miles  southeast  of  the  mouth  of  South  Fork  of  Hewn  Rivers: 

Passive,  gray  limestone 35 

^>T»um  and  rod  sandstone  in  alU»mate  layers,  with  an  oocasioiial  limestone  ledgi^ 50 

^ypniin,  thin-bedded  porous  limestone,  and  red  saiulstoiM'  arrang«'<l  alternately,  the  gyp- 
sum pnHlominating 150 

gypsum,  with  thin  layers  of  gray  limestone 50 


ToUl. 


^^fit^tone  division. — ^The  massive  limestono  l)eda  iinderlyinp:  the  so-called  Pomiian  rod 
•***  ^  this  region  consist  mainly  of  ^ray,  compact  limestone,  with  layers  of  soft  sand- 
****•»  clay,  and  gypsum.      In  the  upp€T  part  the  limestono  is  more  or  less  thin-bedded,  and 
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porous,  and  contains  many  sandy  layers.  From  these  beds  some  of  the  strangesi  arte 
flows  in  the  Roewell  basin  are  obtained.  Limestone  outcrops  along  the  weet  side  of  the 
trict,  and  farther  to  the  west  ferms  high  rugged  plateaus,  extending  toward  the  mounU 
Fossils  are  not  abundant  in  the  formation,  but  in  one  locality  northwest  of  Roswell  a  di 
her  were  collected,  which  consisted  mainly  of  Sf^vsodus  and  PleurofAorua,  preserved 
casts.  According  to  Doctor  Girty  the  fauna  and  lithology  of  these  specimens  suggest 
highest  Carboniferous  beds  or  the  Permian  of  the  Mississippi  Valley  in  Texas. 

To  the  east  of  the  Roswell  district  the  high  plains  are  traversed  by  dikes  of  igneous  ra 
One  of  these  dikes  extends  into  the  area  in  the  northeast  comer,  but  passes  beneath  t 
surface  at  a  point  about  5  miles  east  of  Pecos  River.  Its  location  is  shown  on  the  geoloi 
map  (Pi.  IV).  The  dike  is  about  35  feet  wide,  and  consists  of  a  light-colored  rock,  wbii 
is  much  decomposed  on  the  surface. 

Extending  across  the  southeast  portion  of  the  area,  from  below  Lake  McBfillan  to  t 
high  bluffs  east  of  Artesia,  is  a  narrow  zone  in  which  t^e  sedimentary  rocks  are  more  ork 
metamorphosed,  so  that  in  the  crevices  considerable  mineralization  has  taken  place,  d 
per  is  the  principal  mineral,  occurring  mainly  as  the  carbonate  and  oxide.  Some  prospc 
ing  has  been  done  in  the  hills  south  and  east  of  Artesia,  but  no  paying  ore  has  been 
covered. 

ORETACBOUS  (?)  SYSTEM. 

The  sandstone  overlying  the  Permian  (?)  red  beds  along  the  east  side  <3i  the  distri 
possibly,  as  above  stated,  of  Cretaceous  age.  A  few  fossil  plants  were  found  in  these  1 
but  they  were  too  fragmentary  to  be  determined.  The  distribution  of  the  formatioa 
not  ascertained.  It  consists  of  massive,  reddish-brown  sandstone  in  beds  of  vaiying  tl 
ness,  with  an  occasional  layer  of  light-gray  sandstone.  The  olaterial  is  coarse  grained 
cross-bedded  throughout,  and  often  weathers  into  rounded  forms.  The  foUowing  is  m> 
tion  of  the  sandstone  near  Petty 's  windmill,  about  15  miles  northeast  of  Roswell: 

Section  ofsandM<m4^  overlying  Permian  {?)  red  beds  near  Roewell,  N.  Mex. 

1 

Reddish-brown,  cross-l)odded  sandstone 

Brown,  massive  sandstone 

Lighter  brown,  massive  sandstone,  somewhat  cro8s-lH»d<l<Hi 

Gray,  coarse-grained  sandstone 

Reddish-brown  sandstone 

QUATERNARY    SYSTEM. 

Tlie  formations  of  the  Quaternary  period  cover  an  extensive  area  in  the  Roswell  bf 
comprising  approximately  1 ,200  square  miles.  They  occupy  the  entire  central  portio 
the  basin,  and  extend  far  up  the  limestone  slopes  to  the  west.  These  deposits  are  ma 
of  two  kinds — the  alluvium  of  the  river  valleys  and  the  unrx)nsolidated  material  of  hi| 
levels. 

AUuinum. — The  alluvium  is  confined  mainly  to  Pecos  River  Valley,  although  small  a 
occur  along  all  the  larger  and  many  of  the  smaller  streams.  It  is  a  light-colored,  1 
grained  material,  consisting  mainly  of  sand,  gravel,  and  clay,  with  a  small  amount  ol 
ganic  matter.  In  the  lower  portions  of  the  valley  the  soil  contains  much  "alkali,"  o 
sufficient  to  render  it  unfit  for  cultivation.  There  are  many  small  lakes  along  the  r 
bottom,  and  the  lowlands  arc  generally  swampy.  On  the  east  side  of  Pecos  River,  fro 
point  opposite  Dexter  to  beyond  Comanche  Draw,  there  are  several  springs,  which  t 
built  cones  of  spring  deposits  6  to  10  feet  high. 

Hondo,  Felix,  and  Penasco  rivers  have  built  small  flood  plains  along  their  lower  cou 
which  are  perceptibly  higher  than  the  surrounding  region.  The  alluvium  along  ti 
streams  varies  somewhat  in  character,  but  it  is  generally  of  a  light-gray  color,  and  cons 
of  gravel,  sand,  silt,  and  clay,  covered  by  a  fertile  soil.  The  fertility  is  due  to  the  presc 
of  fine  silt  brought  down  by  the  flood  waters  from  the  high  mountain  rgeions.    Accorc 
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ilo  Mr.  T.  H.  Means  the  alluvium  of  Hondo  Valley  containH  more  plant  f(MMl  than  that  of 
tbe  Nile  in  Egypt.     The  following  analyseB  are  taken  from  Mr.  Means  s  report :  a 


Chemical  eompotrition  ofllondo  ami  \Ue  sediment. 


Constituent. 


Hondo  ;  S\\e  mud 

mud     I    (Muc- 

(Skcats).:  kenzio. 


Inaoluhle  matUT  and  nilica ...          43L  6  '  58. 17 

Iron  oxide  and  alumina 21. 4  :  24. 75 

Oaidp  of  manganpflp .09 

llasnesia 2.1  .     2.42 

Ume 5.7  131 

Potash 1.19  j  .68 


Conntittiont. 


Hondo 

mud 
(Skcats) 


8o<la 

Sulphuric  acid 1. 99 

Phosphoric  acid .3 

Carbonic  acid 

Organic  mattor '         9.8 

Nitrogipn  in  organic  matter. .  .  :i2 


Nllo  mud 

(Mac- 
kenzie). 


.20 
.21 
1.55 
8.00 
.12 


UnconfoHdoUd  depomls. — ^These  deposits  consist  mainly  of  sand,  gravel,  and  clay.  The 
land  is  of  light-gray  color,  medium  to  fine  grained,  the  clay  more  or  les.s  sandy,  and  the 
gimvel  a  moderately  coarse  variety.  The  gravel  is  often  finnly  cemented  hy  calcium  car- 
bonate, and  local  deposits  of  gypsum  and  a  calcareous  material  kno^-n  as  "caliche  "  occur 
throughout  the  formation.  According  to  well  records  the  thickness  of  the  fonnation  varies 
eonsiderably  in  different  parts  of  the  basin.  In  .several  deep  wclLs  around  Artcsia  coarse 
gravels  were  encountered  500  to  700  feet  below  the  surfa(*e.  At  Roswell  and  in  the  lower 
part  of  Hondo  Valley  unconsolidated  sediments  are  150  to  3(X)  feet  thick,  and  in  Seven 
Rivers  VaUey  they  are  probably  thicker.  In  John  Richey's  well,  S  miles  northeast  of 
Artcsia,  a  gravel  bed,  apparently  the  base  of  the  unconsolidatcKi  sediments,  was  penetrated 
at  a  depth  of  134  feet.  At  Sigman*s  well,  near  Lake  Arthur,  according  to  the  driller's 
statement,  the  unconsolidated  deposits  are  only  a  few  fec^t  thick,  and  alM)ut  3  miles  north- 
east of  Lake  Arthur  the  red,  sandy  beds  of  the  Permian  (?)  arc  exposed. 

ARTESIAN  WATER  HORIZONS. 

There  are  several  artesian  horizons  in  the  fonnations  underlying  the  Koswell  basin. 
Flows  of  moderate  volume  are  found  in  the  sandston<>s  of  the  uppt»r  meiiilxT  of  the  Per- 
mian (7)  series  and  in  the  overlying  unconsolidated  deposits,  but  the  stronge.st  are  from 
porous  limestones  interetratified  with  beds  of  sand,  which  constitute  the  upper  part  of  t'lo 
>  limestone  division. 


EXTENT  OP  ARTESIAN  AREA. 

Tlie  Roswell  artesian  basin  is  atxuit  (K)  miles  long  and  has  an  averug(>  width  of  11  miles. 
At  the  north  end  it  is  relatively  narrow,  but  to  the  south  it  widens  somewhat.  It  comprises 
about  650  square  miles,  the  greater  part  of  which  lies  along  the  west  side  of  IVcos  River. 
The  area  of  flow  is  shown  on  PI.  VI. 

In  the  vicinity  of  Roswell  the  head  of  artesian  water,  as  detennined  ho\\\  by  practical 
tests  and  by  the  pressures  of  a  numlxT  of  flows  in  the  town  of  Roswell.  is  suflicient  to  raisi^ 
water  to  an  altitude  of  3,586 feet  at>ove  sea  level,  the  exact  elevation  o."  tlie  water  level  in  the 
head  of  North  Spring  River.  In  order  to  ascertain  the  western  limit  of  tlie  ar<*a  of  (low 
south  of  Roswell  a  line  of  levels  was  surveyed,  under  tlie  din»ction  of  Mr.  W.  M.  Ket»d.  dis- 
trict engineer,  from  the  head  of  North  Spring  River  »ls  far  south  as  F^aj^le  1  )raw.  Fn)ni  therc 
to  Seven  Rivers  the  western  boundary  of  the  artesian  l»usin  was  ascertained  mainly  from 
evidence  of  weUs  in  the  adjoining  lowlands.  It  is  {X)ssible  that  the  artesian  head  incnMLS(>s  to 
the  west  and  that  flows  might  lHM)btained  higher  up  the  s]o|N>s  than  is  indicated  nil  the  artesian 
water  .sheet,  especially  in  the  valleys  of  Kelix  River,  ('ottonw<MMl  Creek,  and  Pennsco  Kiver, 
but  there  appean  to  be  no  definite  evidence  of  this.     The  casteni  limits  of  the  artesian  ariMi 

«  Means,  T.  II.  and  Gardner,  F.  I)..  Soil  survey  in  tho  IN-cos  V-.iUoy:  FU'Ul  <»\K'fi»^^i*'^^**  ^^  Buniau  ol 
Soils,  Vei»,  V.  8.  Dept.  Agric,  Rcpt.  So.  M  HKX)',  p.  49. 
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Partial  list  of  artesian  wells  in  Roswell  district,  New  Mexico — Continued. 


Name  of  owner  and  location. 


Chaves  Co.,  block  11,  Roswell 

Church,  J.  P.,  lot  8,  block  45.  West  Roswell 

Cottingham,  J.  A.,  lot  13,  block  19,  original  Roswell 

Davis,  W.  P.,  SE.  J  NE.  J  sec.  7,  T.  11  S.,  R.  25  E 

Denning,  S.  P.,  lot  8,  block  51,  west  side  Roswell .' 

Diamond  Ice  factory,  lot  1.  block  7,  Thurber's  addition,  Roswell. 
Dickson,  J.,  northwest  comer  Washington  and  2d  sts.,  Roswell. . 

Dickson,  J.  M..  lot  5,  block  52,  west  side  Roswell 

Divers.  F.,  lot  2,  block  9,  west  Aide  Roswell 

Dunn,  O.,  T.  12  S.,  R.  28  E 

Evans,  J   F.,  lot  8.  block  28,  original  Roswell 

Elliott  Bros.,  SW.  i  8W.  I  sec.  32,  T.  12  8.,  R.  25  E 

Faulkner,  R.  L. ,  lot  10,  block  12,  west  side  Roswell 

Ferguson,  W.  M.: 

IvOt  10,  block  2,  original  Roswell 

NEi  NW.  i  sec.  15,  T.  12  S.,  R.  25  E 

Finley,  M.  N..  SW.  {  SW.  J  sec.  3,  T.  11  S..  R.  24  E 

Fitzgerald  &  Kingston,  lot  1,  block  17,  original  Roswell 

Fitzgerald,  lot  12,  block  26,  original  Roswell 

Frank,  C.  J.,  lot  9,  block  10,  original  Roswell 

Garrett.  A.  D..  lot  1,  block  20,  west  side  Roswell 

Garst.  J.,  lot  2,  block  1,  original  Roswell 

Garst,  Julius,  SE.  J  SW.  \  sec.  28.  T.  10  S.,  R.  24  E 

Gaslln,  II.,  lot  10.  block  48.  west  RoswoU 

GauUier,  lot  fi,  block  1.  original  Roswell 

Goodart.J.  H.,  NW.  |  NE.  J  sec.  7.  T.  11  S.,  R.  25  E 

Hagerman,  0.,lot  3,  block  24.  South  Ro.swell 

Hamilton,  R.  S.,  lot  12.  block  14,  original  Roswell , 

Hamilton,  .J..  SW.  i  SW.  J  sec.  26,  T.  10  S.,  R.  24  E 

Haynes,  C.  W.: 

Lot  7.  block  20,  South  RoswoU 

Roswell 

Do 

Do 

Ilonning.  J.  H.,  lot  7.  ])lock  11,  west  side  Roswell 

Hinklo.  J.,  lot  7,  block  51,  west  side  Roswe'l 

Ho])Son,  Lowe  &  Co.,  lot  9,  block  3.  original  Roswell 

Hortenstoin.  NW.  1  SW.  i  wx;.  23,  T.  12  S..  R.  25  E 

Jaffa,  N..lot  10,  block  3.  Thurlwr's  addition,  Roswell 

Jaffa  &  I'rager.  lot  13.  block  14,  Roswoll , 

John.'<on,  R.  W.,  lot  7,  block  24,  west  sidi'  UoswHl 

Lftwndcs.  G.,  N\V.  >  NW.  {  soc.  S.-).  T.  1 1  S.,  R.  25  ^: 

Lea,  J.  C.  lot  n.  block  4,  original  Roswell 


L.  F.  D.  stock  farm   SE.  i  NW.  {  .sec.  1,  T.  II  S..  K.  24  E. 


McCarty.  S.  S.,  N.  J  NW.  \  s^-c.  14.  T.  10  S.,  R.2r>E.... 
McClonney,  M.  E.,  SE.  J  SE.  J  sec.  35,  T.  10  S..  K.  24  E. 

Marrow  A  Tannohill.  lot  14.  blf)ok  13,  old  RoswoU 

MiH'ks,  W..  lot  «.  I»l<x'k  28.  original  Koswoll 

Milh'r.  J.,  lot  4.  bhK-k  IV).  original  Koswoll   

Now  .Mexico  Military  Inatituto.  Koswoll 

Parsons.  K.  M..  lot  .">.  block  .^4.  west  side  Koswoll 

PattiTson,  J.  F.,  lot  1,  block  42.  west  aide  Roswell 


Depth. 


feet. 
206 
270 
202 
450 
240 
196 
270 
198 
232 
264 
200 
850 
198 

255 
882 
354 
200 
190 
202 
260 
271 
279 
242 
265 
400 
405 
301 
313 

310 
232 
204 
232 
235 
235 
270 
840 
200 
380 
250 
287 
230 
383 
333 


Diame- 


Inrhe*. 
51 

H 
H\ 

H  I 

5il 

H 

H 

4 
6 
5 

4i 

61 
7| 
51 
5| 
5| 
5| 
3 
6| 

51  I 
41 

5 
51 

61 


Yield.* 


GaOt.jier 
minrae. 


1 

i 
844  I 

375  I 

260  1 

100  1 

230 

232 

245 

2tJ0 


61 

4i' 

5il 

7|l 

5    1 

4 

»! 

61 
5| 

3 


500 

m 

500] 
» 
TOD  j 

m   , 

401 

600     I 

410 

200 

612 

500 

330 

va 

150 
600 

eoo 

M 
250 


3S0 
680 
600 
680 
800 


7S0 
750 
750 
700 
400 
400 
600 
3« 
300 
450 
7S0 
300 
750 
SBS 


o  Mainly  eslimaled. 


WELLS    AND    WELL    PBO8PE0T8.  11 

ed  at  a  much  greater  depth.  The  formations  encountered  in  sinking  a  well  at  Roswell 
lly  consist  of  unconsolidated  deposits  for  the  first  175  feet  from  the  surface.  Below 
ipth  drills  penetrate  bed  rock,  composed  of  hard,  light-colored  limestone  underlain  by 
ating  lay  era  of  porous  limestone  and  sandstone.  The  following  are  records  of  repre- 
ive  wells  in  and  near  Roswell: 

Typical  well  records  in  arid  near  Roswell,  N.  Mex. 

i  of  the  Ogle  well  at  Roswell:  Feet. 

i 0-    5 

ivel ^ ^  30 

leiah  clay  with  layers  of  graveL 30-150 

lenish-yellow  clay  with  rust-colored  bands lfiO-162 

t  red  sandstone  (water  bearing) 163-170 

I  clay 170-174 

y  limestone • 174-177 

clay 177-178 

y  limestone 178-182 

y- limestone,  very  hard 182-18C 

gnj  limestone 186-204 

d  gray  limestone 204-218 

It-gray,  porous  limestone  (waterbearing) 218-226 

estone  and  sandstone  in  alternate  layers  (water  bearing) 226-242 

^t  the  Waskom  weU,  8W.  i  sec.  32,  T.  10  S.,  R.  25  E. :  a 

- 0-    5 

1  andgravel... 5-  16 

avrclay 15-  40 

^nd  decomposed  gypsum 40-70 

Intone,  coarse  yellow.sand',  and  gravel  in  alternate  succession 70-360 

^«tone  and  sandstone  in  alternating  Ia3rer8,  the  limestones  predominating 360-560 

>t  the  Rasmoasen  well,  SW.  i  sec.  21,  T.  11  S.,  R.  25  E. : 

^nd  fine  sand 0-  30 

^  sand * 30-  40 

^'^^l 40-  60 

't  and  gravel  in  alternate  layers 60-  60 

«Muid 60-  65 

i^  sand  and  hard  rock  in  thin  layers 65-172 

->Mand 172-212 

sandstone 212-327 

■and  containing  lajrers  of  rock 327-400 

estone 400-560 

Partial  list  of  artesian  weUs  in  RosweU  district,  New  Mexico. 


Name  of  owner  and  locution. 


m: 

i  sec.  3.  T.  11  8.,  R.  2.5  E 

Do 

Do 

»n  A  Sklllman,  lot  7,  block  16,  West  Roswell 

nless  Lake"  well,  8E.  i  NW.  {  soc.  10,  T.  12  S.,  R.  26  E. 

&  Real,  lot  6,  block  53,  West  Roswell 

fritz,  lot  14,  block  23,  we^t  side  Roswell 

fe  Cieighton,  lot  11,  block  4.  original  Roswell 

E.  A.: 

.lNW.l8ec.34,  T.  lOS.,  R.  24  E 

6,  block  21,  west  side  Roswell 

r«,  R.  M.,  lot  4,  block  24,  original  Roswell 

m,  D.,  NW.  \  NW.  i  sec.  27.  T.  10  R..  R.  24  K 


)epth. 

Diame- 
ter. 

Yield  6 

Feet. 

Inchc8. 

(Mis.  per 
minute. 

GO 

6 

6 

6 

•       < 

GO 

58 

440 

400 

420 

^1 

232 

600 

235 

51 

500 

238 

51 

500 

340 

4J 

402 

229 

4 

250 

244 

41 

liOO 

xn 

7| 

.100 

fn  this  well,  located  4  milos  cast  of  Roswell,  l>e<l  rock  was  n'ached  at  a  depth  of  360  fc«t. 
kCainly  estimated. 
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yiold  Hn>  ohtaiiUKi  in  m^ft  saiidstonra  at  doptlis  of  900  to  500  feet,  but  on  the  higlier  tiin 
Ui  the  wost  tho  main  flow  ocnirM  in  porous  limestones  800  to  1,000  feet  below  the  surfi 
Tho  H(Hi|;(*rc>xo  well,  about  1  milo  southeast  of  Dexter,  is  960  feet  deep.  He  maiD  & 
(K'curs  in  a  porous  limostoiio  underlying  rod  sandstone  60  feet  thick,  which  is  oveikin 
uncons()Iidat4^>d  material. 
'Die  folhming  rtM'ords  of  welLs  were  fumishiKi  by  the  drillere: 

Typical  drrp  boringa  in  Hatferman  dvttridf  New  Mexico, 

U<H!i>nl  of  the  Ilodgreoxc  woll.  iioar  IVxtor:  Fert. 

Soil  un«l  pri vol 0-     : 

('<»ji rao  Mriiul 19-    '. 

Quicksand 71-  f 

LiiiioAtoni' 271-  t 

Hwl  sandy  clay 273-  S 

YpHo w  oiay 32S-  3- 

Linifst  (M10 343-  3 

Quicksa ml 34S-  S 

Ijinii'stono 545-  » 

Bluoelay 5S1-  0 

Qiiirksand flOl-   * 

••Sholl  rcK'k" 651-   « 

Altornating  layers  of  sand,  silt .  and  clay 653-   8 

Coarse  gravel 80fr-   8 

Rih!  sandstone 806-    8 

I'onMis  linicstonr 886-   9 

HtH-ord  ()f  Widdem^.i  well: 

Soil 0- 

(i ra vol 20- 

QiiicksaiKl 56-   1 

Alternating  be<ls  of  <'lay  and  gypsum 105-   3 

Snn«l 3ti0-   4 

R(m1  s:ind  with  hiyers  of  cluy  an<l  one  'J-Vfoot  layer  of  gypnum  near  the  middle 440-    f 

Liuji'stone 800-l,C 

Kcconl  of  Cunnnins  well: 

Soil  ami  gravel 0- 

Sa  nd 40- 

Clny 44- 

<;r«vi-l 60- 

K«K-k.  cliiy.  nml  sand  in  altc-rnatc  iHyers ti5-    1 

Clav  anil  smid 105-    1 

Kc<i  sand 165-5 

Coarse  n««l  surul  jind  clay  in  ulternatc  layers 550-   8 

LiuH'stonc 820-   8 

I'jirtial  rrcord  of  town  wj'll  at  Hag«'nnan:rt 

Soil 1- 

Conglonieni  t  c 12-    : 

Sand 22-     > 

Cliiy 32-    • 

Mtr-rniiting  iM'd.s  of  confsi'  s:Mnl  .nid  gnivrl 60-   5! 

(Jypsiiiu  Mild  n-d  Sandy  clay  in  altiTnati-  lu'ds 535-  ^'■ 

il\]*'i\i:u 610-  6; 

Hid  rl.iy  litid  sand 630-  <»' 

Hard  gypsum 675-  ' 

llanl.  gray  sandston<' 732-  ' 

< Jypsuin 735-   ' 

Krd  day  and  sand 745-   " 

•  lypsiini 760-    ' 

«»  Boring  in  progress  at  time  investigation  was  made. 


^  o 

H  O 

(A  - 

<  X 

UJ  lii 

-J 

-J  $ 

UJ  UJ 

^  z 
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yioUi  an>  olitainod  in  mtfx  sandstones  at  doptlis  of  900  to  500  feet,  hut  on  the  higher  2(io|M 
t(»  tlio  w(>st  the  main  flow  octuix  in  porous  limestones  800  to  1,000  feet  below  the  suHjwf. 
T\w  Iledp^roxo  well,  a)x)ut  1  milo  southeast  of  Dexter,  is  980  feet  deep.  The  maio  flwr 
(K'curs  in  a  porous  Iiine8t4)nc  underlying  red  sandstone  60  feet  thick,  which  ia  overiain  bj 
unconsolidated  material. 
Tlie  following  nn'onls  of  wells  were  funiLshed  l)y  tlic  drillere: 

Tt/pical  d€4>p  boringM  in  Ilagennan  diMrid,  New  Mexico. 

Utt-onl  »»f  tlio  Hwlt^pctixr  wi'll,  iwat  l>extpr:  ?«! 

Soil  II ntl  i^ra  vH 0-    If 

( 'ojl rSO  «;lM<i 19-    71 

yulck.ianil 71-  STl 

LinifHt one 271-  331 

RikI  !»un<iy  flay 27J-  CI 

Yfl low  clay 323-  Ml 

Liniosloiu* 343-  345 

QuukNji  11(1 345-  Sft 

Limrstono 545-  S5l 

BhuMlay 551-  €01 

QuUksH ml flOl-  6S1 

•ShtllriKk  • 651-   US 

Allprnating  layors  of  j»mihI.  silt,  ami  clay 853-  MB 

Coa  rso  pra  vol 80O-   8W 

K<h1  samlstonc 8)6-   «< 

Torons  linicst one 886-   99 

Koconl  of  \Vi<Mcm...i  well: 

Soil a-    a 

(Jravrl 20-     5 

liuicksaml .w-    10 

Alternating  ImmKs  of  clay  and  g>psuni 105-    M 

San.l >-(>-    44 

KtMl  sanrl  with  layers  of  clay  and  one  'i'^foot  layer  of  gypniim  near  the  middle 440-    SO 

Limestone 800-1,00 

Hironl  of  ("iininilns  well: 

Soil  and  gravel 0-     4 

San.l 40-     4 

(lay 44-     « 

(Jravel 60-     «l 

IUm-U.  clay,  and  san*!  in  a  It  ••mate  layers 65-    10; 

(  lay  anil  sa n«I !&•>-    I6S 

Ke«i  sjuHl 16^-    550 

Coarse  ri"<l  >anfl  and  clay  in  alternate  layers 550-   830 

Limestone 820-   MO 

I'artial  n'j'ord  oi  town  well  at  Hair^-rman:" 

Soil 1-      V 

Conglomerate 12-      2 

Sand 22-      2 

Clay 32-      « 

AlternatitijJT  lM'd,»«  nf  coarsi-  sanil  :ind  j^ravrl 80-    S 

<lyp»-u:M  and  red  sandy  clay  in  alternate  lieds .' 535-    ^ 

(;yi»sii:n 610-    ^ 

Ui-d  clay  and  sand 630-    ^ 

Hard  >,'ypsuin 675-     *" 

Iliinl.  »;ray  san«lst«>ne 732-    "7 

<!ypsiim 735-    "S" 

U«'d  (jjiy  and  sand 745-    "S" 

<Jyp*iinn 750-    "^ 

a  liorlng  in  progress  at  time  investigation  was  made. 


^  o 

UJ  UJ 

_i 

-J  $ 

UJ  u 

^  z 
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PartUl  record  of  H.  H.  Sigman's  well  near  Lake  Arthur:  a  Feet. 

Soil  and  con^omerate 0-  6 

Hard  gypeum  (flrrt  flow  at  baa^) 5-  130 

Alternating  strata  of  gypsum  and  red  sand 130-  235 

Alternating  layers  of  red  sand  and  day 235-  345 

Wbiteaand 345-  545 

Redsand 545-  600 

Partial  Ivd  cf  artesian  wdU  in  Hagemian  district. 


Name  of  owner  and  location. 


CaUoway.  E.  H.,  T.  13  8..  R.  28  E 

Carper.  J.  E..  NW.  i  N£.  1  sec.  28,  T.  12  8.,  K.  26  E. 
Casiers.  T.  M..  NE.  \  NW.  J  sec.  7,  T.  13  8..  R.  2«  E  . 

Clem.  J.  A.,  E.  J  st-c.  11,  T.  13  8..  R.  26E 

Criser,  F.  A.,  E.  J  NW.  \  sec.  33,  T.  12  8.  R.  2<i  E  . . . 

Cmnmins.  J.  Q.,  SE.  1  sec.  33,  T.  12  8.,  R.  25  E 

ElUot,  I.  H 

Formwault,  8W.  i  sec.  31,  T.  12  8..  R.  26  E 

Foretad.  J.,  NE.  1  sec  13,  T.  13  8.,  R.  26  E 


Gey^pr 

Goodell.  8.  W.,  8.  J  sec.  15,  T.  13  8.,  R.  25  E 

Grpenfield  fann  (center),  sec.  32,  T.  13  8..  R.  26  E 

Hagprman  (town).  NE.  1  8E.  1  sec.  10,  T.  14  8..  R.  26  E. 

Uedgecoxe.  NE.  1  NE.  i  sec.  18,  T.  13  8..  R.  26  E 

Lake  Arthur,  sec.  20.  T.  15  8.,  R.  26  E 

Larg<e,  Frank : 

Sec- 4,  T.  13  8.,  R.  26  E 

Sec.  4.  T.  13  8..  R.  26  E 

Sec.  4.  T.  13  8.,  R.  26E 

Townaley,  H.  W.: 

XW.  i  8GC.  4,  T.  13  8.,  R.  26  E .*. 

NW.  i  sec.  4,  T.  13  8.,  R.  26  E 

Walters.  L.,  8E.  J  sec.  14,  T.  13  8.,  R.  26  E 

Widdpman,  N W.  J  sec.  5,  T.  13  8.,  R.  26  E 

Wilson.  P.,  NW.  i  sec.  18,  T.  13  8..  R.  27  E 

Winchell,  N.  J.,  8E.  J  8W.  i  sec.  30.  T.  13  8..  R.  26  E . . . . 


Depth. 

Diam- 
eter. 

Yield. » 

Gallons 

(per 
minide). 

Fret. 

Inches. 

454 

20 

330 

8 

377 

400 

ft| 

351 

525 

7| 

517 

500 

H 

300 

860 

61 

250 

760 

960 

848 

664 

7| 

25 

300 

5i 

830 

8 

8 

760 

960 

(KX) 

1,000 

10 

7«*>4 

375 

51 

420 

460 

7| 

599 

460 

7| 

599 

440 

51    ... 

4r,o 

.^,f    ... 

50) 

5| 

310 

000 

620 

20 

,02,'» 

K 

880 

1  MHinly  estimat-ed. 


EDDY    COUNTY. 

ArUida  district. — ^The  Artesia  district  comprises  the  northern  portion  of  the  an^a  of  flow 
included  in  Eddy  County.  The  formations  oncount<*red  in  lK)ring  a  deep  well  near  Artesia 
differ  somewhat  from  those  in  other  parts  of  the  Roswell  basin.  According  to  well  records 
they  consist  for  the  first  500  to  700  feet  of  uncoasolidated  U'ds  of  sand,  gravel,  and  clay, 
which  hy  their  loose  texture  frequently  offer  coasiderahle  diflTiculty  in  well  construction. 
Beneath  these  beds  there  are  alternating  layers  of  red  and  gray  sandstone,  clay,  and  gyp- 
sum lying  on  a  series  of  porous  limestones,  clays,  and  sandstones,  in  which  the  strongt»st 
artesian  flows  occur.  A  number  of  records  of  deep  Iwringa  around  Art^^sia,  as  rejwrted  by 
the  well  drillers,  are  here  given: 


«  No  satisfactory  record,  particularly  of  Iho  lower  pHrt.  could  be  obtained  of  this  boring,  which  was 
originally  1,000  feet  deep.  There  Ih  probably  some  aefect  in  the  casing  <>f  the  well,  for,  acconling  to 
the  latest  rroorta,  the  lower  part  of  the  pipe  appears  to  be  clogging  up  with  sediment,  and  then»  is  a 
perceptible  decreaae  in  the  pressure  of  the  flow.  The  best  infonnation  which  could  l>e  ol)taine<i  con- 
cerning the  formations  penetrated  in  the  upper  part  of  this  well  is  here  given. 
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Typical  deep  borings  in  Ariegia  dutrui,  New  Mexico, 

Record  ot  tho  .1.  ('.  Halo  well,  l\  iiiilwi  soiithoaHl  of  Artosiu:  F 

Soil 

Umlolay H 

WhltJ',  «ian»r  sand 31 

Fine  sand lOt 

Bluish  cliiy  alternatinK  with  sandy  layers 12C 

Red  day  with  layers  of  gravel 375 

White  sand 510 

Yellow  sand 550 

Red,  sandy  clay 556- 

Limestone SSI- 
Red,  sandy  clay  altnmating  with  layers  of  gravel 5*S- 

Gravel 745- 

Ilard  limestone 751- 

Limi»stonc  and  red  clay TflO- 

llard  and  soft  light-c<>lore<i  limestone  with  layers  of  sandstone 7M- 

Soft.  hhI  sandstone 8IJD- 

Ilard.  porous  limestone  and  nnl  clay  in  alternate  succeasion,  thelimcfltonepredomiiutins.  830- 

Reconl  of  the  J.  S.  Majors  artesian  well,  2  miles  north  of  Arteala: 

Ix>amy  soil 0- 

Bowlde.rs f^- 

V^mcTi't ionar>'  conglomerate 15- 

Rock «- 

Soft  sands 82- 

Rocks  and  bowld<TM J 68- 

G  ray  sand TO- 

Soft  clay T2- 

Mo<lerately  hanl  nwk 160- 

Kt^i,  st icky  clay 174- 

Sticky  cluy  an<l  gravel 210- 

Course,  white  sand 240- 

Cluy  and  gravel 275 

Soft  rock 2» 

( 'lay 295 

RihJ  quicksiind 310 

Rwl  cluy 330 

Soft  nxk : 357 

S<)ft  clay  (First  flow  yielding  alwMit  10 gallons  jmt  minute) 3» 

Hard  rofk 420 

("■Ihv  and  grave' :  sinin*  sund 42ft 

CImv  and  s«n<l *iO 

Soft  nx'k  and  clsiy 542 

Tough,  red  rlay 5fiO 

Hard  rock.... ^ 598 

Ilurd  cImv fiOO 

1 1  a  r<l  rock 617 

Kedclriy m 

Soft  rock fi30 

Ha  rd  rock 634 

Siin«l  Mild  flay MD 

Soft  ro<k.  rlay.  ami  sand 665 

(Quicksand TOO 

Hard  rock  (limestone;  second  flow  :it  l»asei TtM 

Alternating  strata  of  soft  rock  and  <lay 7H 

Soft  a  rul  ha  rd  rock  in  ait  erna  t  e  la  vjtn 771 

Very  liard  rock  (limestone i Tlfc' 

Clay  and  soft  rock 79* 

Extremely  hani  rock  (limestone* 811 

Rock,  increasing  in  hardness 821 

Rcconl  of  the  Hoilges  tV  Venal)le  artesian  well.  Artesia:" 

Soil I 

Bowlders  an<l  elay 1( 

Concrete  r«H-k I* 

"  In  this  well  flows  were  ohtaincfl  at  the  following  depths:  First  flov/.  4.t()  feet;  second  Uow.  648 
thini  flow,  7Ho  f«H't;  frnirth  ilow,  802  fwt. 


UJ 


'— 

w^l 

P  «s«*!>s«t^5i-^ 

^^tniiir^r 

^^^^^^^SS^^^Ql  ''  ^^1 

[ 
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Eeeord  of  the  Hodg«fl  A  Venable  Artorian  weU,  Art««ia— Continued.  Fec>t. 

Looflegntvel »>     41 

Concrete  rock 41      4<i 

RedcUy 4«  -  73 

Concretionary  gravel 73  -  7<» 

Loose  gravel 7«  -  80 

Hard  limestone 86-113 

Loose  gravel  containing  water 113  - 120 

Limestone 120  -130 

RedcUy 130  -l.W 

Red  day  alternating  with  conglomerate 155  -185 

.\ltemating  strata  of  concretionary  conglomerate  and  rwl  clay 185  -250 

Red  day 2.'iO  -350 

Alternating  layers  of  red,  sandy  day  and  sandstone 350  -545 

Linii'stone.  with  an  ooc<iaional  layer  of  red  clay,  very  hard  at  base  of  series 545  -840 

Record  of  the  J.  B.  Barnes  artesian  well,  12  miles  southwest  of  Artesia: 

8oU 0-6 

Bowlders  and  gravel ft  -  13 

Ydlow  clay  and  gravel 13-53 

Red  day 53  -153 

Qaickiand 153  -157 

R«d  asnd  and  soft  sandatone 157  -177 

Soft,  ydlowiah  sandatone 177  -227 

Hard  limestone 227  -2«7 

Red.  aandy  clay  alternating  with  soft  red  sandstone,  which  gives  place  lo  porous  linie- 

rtone  in  the  lower  half  of  the  series.    (First  flow) 2»i7  -450 

Soft,  wd  sandatone .* 450  -500 

Porous  limestone * 500  -525 

Soft,  wd  sandstone 52.'»    535 

l^M  of  the  8.  L.  Roberta  artesian  well,  at  Artesia: 

Son 0-    7 

Bowlders  and  gravel 7  -  42 

R^,  landy  clay  containing  some  gravel 42  -200 

Quicksand 200  -260 

^^chy 2t.O    300 

Alternating  layers  of  gray  sand  and  red  clay 300  -600 

^«8tone 600  -604 

^5T)8am 604  -634 

'^'^day ft34  -675 

^^wtone 675  -679 

{^*^rtay 679  -704 

Liniestone 704  -705§ 

J^<^.  sandy  day * 7a»i  745^ 

r^'n^tone 74^-»§-84() 

^«rd  limestone 840  -H52 

y^,  sandy  day 852    880 

U^*^e«tone,  porous 880  -976 

"^  of  the  E.  N.  Heath  artesian  well.  2  mlU-a  southwest  of  Artosia: 

^"  and  day 0-15 

^'^VH lJi-30 

^^«*Uo  w  d  ay 30     80 

g^*"*!  and  aand 80  -280 

Q  ■*<* 281)  -310 

"^Vei  and  sand 310    ;mo 

'^«^.  red  day liM)    ;M4 

^^  *T>aum .H44    34«i 

^'^'*«iomerate :u*\    :it\ti 

^-*n<l  ^itii  thin  streaks  of  gra vol .iji*.    441 

■^arae^rained,  porous  rock 441    4<il 

j^  *^y  sand 4»i  I     481 

r*  *^  quickaand 4M    *m 

^^k m   Ml 

^*U  quicksand f»41  -<W1 

1^^*^,  gray limeatone «i'Ji  - ri.'v 

•Hi  ^and  rock  with  atreaks  <»f  day 71.'.    72.'» 

"^y  limeatone,  very  hard 725    745 
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lieconl  of  tho  W.  K.  riark  artesian  well,  4  miles  north  of  Arteda:  FeeL 

Soil 0-  t 

HowI(l«Ts  and  gravel 6-  M 

Oypiiuni !*»-«* 

Oravol T^U 

Gypnum .^ 81-  ■ 

Concrptlonarj'  conglonwrate flO-  fli 

I  lani  gray  sandstone 9^NI 

R<»d  clay  strnaki'd  with  white  clay lOHS 

Dark-gray  sandstone 136-1* 

Yellow  sand \X-M 

I ^ard  gray  sandstone 300-21* 

R«Hlsand 218-2B 

Very  hard  light-gray  sandstone * .  232-214 

Re<l8and 244-247 

Hard  FPd  rock 217-151 

Red  sand 2S0-a* 

Hard  red  rock 2fiW74 

Altematihi;  strata  of  quicksand  and  soft  red  sandstohe 274-JX 

(In  this  S€»rle8  at  :»5  fei«t  occurs  the  first  Qow;  second  flow  at  475  feet.) 

Vt«>'  hard  limestone S36-5D 

Red  sandstone,  medium  hardness SK^ 

Tho  great^^st  development  in  well  sinking  in  this  district  is  around  Art^sia,  where  a  num- 
ber of  strong  ailesian  flows  have  been  obtained  at  dei>ths  (^  800  to  1,000  feet.  A  partitl 
list  of  these  wells,  including  their  location,  depth,  and  size,  is  given  in  the  following  table: 

Partial  list  of  artesian  wdU  in  Artesia  disirid. 


Name  of  owner  and  location. 


Artesia  (town).  NE.  i  NE.  \  «v.  17.  T.  17  S..  R.  2«  E.fc 

Baniea,  J.  B..  X\V.  i  N\V.  \  jwc.  23.  T.  18  S..  R.  'r.  E 

Hnio*.  J.  A..  NE.  i  \E.  \  wv.  14.  T.  17  8..  R.  2«  E 

r.  A.  r.  Cattle  Co..  S\V.  \  NE.  i  ««c.  2.3.  T.  17  S..  R.  2<i  E 

( '  1  a  rk .  \V .  E .  r 

Deiss.  .1.  .1..  .H.r.  :«,  T.  IS  S..  R.  2t'.  E 

(iillHTts.  S.  W...S\V..l  sec.  7.  T.  ISS..  R.  2(5E 

(lilliland.  .J.  \V..  SE.  i  »«•.  9.  T.  ISS.,  R.  2(>  E.J 

Hale.  J.  ('..  N\V.  \  SE.  i  stv.  l.").  T.  17  S..  R.  'iC.  E 

Harris.  N.  T..  SW.  i  S\V.  {  s«>c.  14.  T.  1«S..  R.  2«  E.'" 

Heath.  E.  N..  SE.  i  sec.  18.  T.  17  S.,  R.  2f)  E 

Iloilgcs  A  Vrnahle.  SE.  J  N\V.  J  sec.  23.  T.  18  S..  R.  2.'>  E 

Majors.  ,1.  S..  SW.  J  SW.J  .m-c.  .31.  T.  17  S..  R.  2fl  E 

Miller.  L.  ('..  SW.  i  SW.  i  8«v.  8.  T.  18  S..  R.  2(;  E 

Norfleet.  A.  L..  S.  i  NW.  1  s^'C.  .32.  T.  17  S..  R.  20  E 

Rawl  A'  RolM'rtson,  s<>c.  •">.  T.  17  S..  R.  2(>  E 

Richey.  John.  SW.  i  SW.  i  s.f.  11.  T.  1(5  S..  R.  2<1  E. »» 

Rolx'rts.  S.  L..  SE.  i  SW.  J  sec.  8.  T.  17  S.,  R.  20  E 

Smith.  .1.  Mack.  SW.  i  NW.  i  8(»c.  29.  T.  17  S..  R.  2«i  E 

Smith  A  Beckman.  sec.  17.  T.  17  S..  R.  iO  E 

Stanford.  L.  (J..  NE.  i  .•«<•.  34.  T.  18  S..  K.  2»i  E 

Waltrrschied.  W.  M..  E.  i  SW.  \  s««c.  8.  T.  17  S..  R.  2«i  E 


,  Depth. 


FeH. 
771 
535 
872 
830 
580 
570 
813 
826 


eter.  i 

|_  _  - 

'OaUt.per 


Inchet. 
(i 
6 


746  I 

840  I 

823  I. 

671  ' 


650  I. 

835  I. 

976  |. 

747  I 

881  I. 


I 


1.5« 
562 


.tS0 


1.1« 


i.in 

l.l»4- 


7ft'» 


a  Mainly  estimated. 


ftiftij  pounds  pressure. 


c  luconiplcte. 


rf ?25  pounds  pna«un»- 


McMiUan  district, — This  district  includes  the  urea  in  the  vicinity  of  I^'Millan  and  * 
valleys  of  North  and  South  forks  of  Seven  Rivers.  Near  McMillan  the  Walters  &  Shav'* 
and  the  Lakew(Kxi  Townsite  companies'  wells  have  stn)ng  flows  fn)in  the  porous  limest^ 
at  depths  of  about  800  feet.    The  records  of  these  wells  indicate  that  the  unconsolidate 
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His  are  about  250  feet  thick  and  that  the  limestone  diviriion  occurs  .'300  to  (KX)  Teet 
below  the  surface.    The  records  of  these  wells  were  supplied  bv  the  drillers)  us  follows: 

TfTpioal  deep  horiwfs  in  McMillan  districty  New  Mexico. 

BMoid  of  the  Walters  A  Shaven  artesian  weU  at  McMUlan:  Feet. 

Sou 0-    0 

Coarae  gravel f>-  13 

White  clay l.V  33 

Coarse  sand  and  gravel  containing  water 33-  43 

White  dialky  rock 43-  70 

Very  hard  gray  sandstone  with  lajrers  of  gravel 70-170 

Hard  flinty  rock 170-177 

Red  day  and  coarse  gravel  in  alternate  succession 177-235 

Ughtrcoloied  sandy  day 235-250 

Bed  day : 250-254 

Alternating  strata  of  gypsum  and  red  clay 254-370 

Hard  gypsum 370-393 

Series  of  gypsum  alternating  with  red  clay 393-440 

Alternating  layers  of  white  gypsum  and  red  sandstone 440-500 

Bed  sand  and  hard  sandstone  in  alternate  layers  2  feet  thick 500-ri50 

Hard  white  limestone 650-800 

Extra  hard  limestone 800-820 

White  limestone  becoming  softer.    (Flow  of  about  300  gallons) 820-845 

Bseord  of  the  Lakewood  Townsite  Company  artesian  well  at  McMillan: 

Loam  and  gravel 0-49 

Soft  gypsum  in  strata  6  to  6  fteet  thick 4&-  80 

White  chalky  rock 80-120 

Sandstone  and  gypsum  in  alternating  layer? 120-135 

Puxe  white  gypsum,  moderately  hard 135-200 

Very  hard  white  gypsum 200-450 

Soft  rock  resembling  shale 450-490 

Alternating  layers  of  hard  and  soft  white  rock  containing  -  fow  thin  layers  of  sandstone. 

(First  flow  at  770  feet,  second  flow  at  810  fwt) 490-8<»3 

Very  soft,  white  rock 8J>3-877 

Alternating  lajrers  of  soft  and  hard  limestone H77-RM) 

In  Seven  Riveis  Valley  welb  are  generally  shallow,  ranging  in  depth  from  1.50  to  300 
feet,  and  the  flows  so  far  have  been  obtained  from  the  unconsolidated  n>ck.  It  Ls  probable, 
however,  that  wells  sunk  to  a  sufficient  depth  in  this  region  would  obtain  flows  fn)rii  the 
limestone  division.  A  partial  list  of  the  wells  in  the  McMillan  district  Ls  given  in  the  fol- 
kwing  table,  and  their  location  is  shown  on  PI.  VI: 

Partial  lifA  of  artesian  welht  in  McMillan  dudrict. 


Name  of  owner  and  location.  Depth.    ^?|j™"      Yield. 


I  Galh.  per 

,J.  C.:                                                                                                       I  Ffft.      Inches,    minutr. 

8E.i8E..lsfiC.  16,  T.  20  8.,R.  25E 30^-.  5^              573 

Sec.  21,  T.  20  8..  R.  25  E IW?  55              2.'-.3 

Boyd,  0.  M.,  8E.  4  Sfic.  26,  T.  19  S..  R.  2.-)  E 549  5; 

^oie.SE.isec.  7,  T.  20  8.,  R.  25E 195  «    

UXota 400 

HeUyer.W.E 190  «                1-' 

Ukewood  Townsite  Co.,  sec.  27.  T.  19  S.  U.  2ii  K SS5  a   

McDonald: 

NW.  i  sec.  8,  T.  20  8.,  R.  25  E 14«i  53                75 

NW.  J  sec.  8,  T.  20  8.,  R.  25  E 150  52 

^t,  J.  C,  8.  i  NE.  i  sec.  26,  T.  19  8..  R.  a-)  E 347  53- 

^«lt«i&8havers,  NW.  i  NW.  Jsw.  23.  T.  19S..  K.2<1  E H45  T.               :«X) 
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PRESSURE  OF  ARTESIAN  WATER. 

In  connection  with  the  investigation  of  the  geology  and  underground  water  reUtions  of 
the  Roewell  basin  a  systematic  measurement  of  well  pressures  has  been  carried  on.  At  the 
time  when  this  investigation  was  proposed  there  appeared  to  be  no  evidence  that  the  flov 
was  decreasing,  but  it  was  feared  tliat  the  multiplicity  of  wells  within  such  a  limited  am 
would  eventually  lower  the  water  plane  unless  greater  economy  was  practiced  by  the  wttK 
users.  In  arranging  for  the  testing  and  comparison  of  pressures  a  number  of  represenUtire 
wells  were  sele<'.ted  at  different  points  throu^out  the  basin,  four  from  Roewell,  where  minj 
have  been  sunk  in  a  relatively  small  area,  and  others  from  near  Hagerman  and  Artesia.  In 
making  these  selections  care  was  exercised  to  obtain  only  those  which  were  believed  to  be 
representatives  of  local  districts  and  in  perfect  condition.  In  a  few  instances,  however, 
defective  pipes  were  discovered  after  the  first  monthly  pressure  had  been  recorded.  Careful 
measurements  were  taken  of  these  wells  each  month  under  uniform  conditions  so  far  as  pos- 
sible. The  result  of  this  investigation  extending  over  a  period  of  twelve  months  is  shown 
in  the  following  table: 

Record  of  periodic  pressttre  measurements  in  pounds  per  square  inch,  of  artesian  wdli  in  (kt 
RosweU  artesian  basin^  New  MexicOyfor  year  ending  May  31, 1905.  a 


No. 


Name  and  location. 


I  '  #  '  I  I 


IL   5    ^ 


ARTESIA  DISTRICT. 


80 


GilUland,  b  8W.  cor.  8E.  J  see.  19,  T.  18  S.,  | 

R.  26E '  83  I  82     »     79 

Hale.fNW.  J8E.i8ec.l5,T.17S.,R.26E.|  88  '  87     f^     SI     84 

3  '  Hodges  &  Vcnable.  *  middle  of  west  line  ' 

.  8E.  J  NW.  i  sec.  23.  T.  18  8..  R.  25  E....    31 J   31i   30i   30  ]  » 

4  I  Norlleel,  b  NW.  cor.  of  8.  k  NW.  *  sec.  32,  ' 

T.  17  8..  R.26E 1... 


I  62}  m 


5  ,  Richey.&SW.iNE.Jsei'.  14,T.  16  8.,R.26  ' 


HAOERMAN  DISTRUT.  Ill' 

(Ireenfleld  fann.dsec.  32(centt«r).T.  13  8.,  I        i        i 
K.26E 58  1  58  I  57  '  57 

8ignian,  H.IL.ftNW.  J8ec.20,  T.  15  8..R.  '        I 

2ttE ....'....I....  .... 


fll 


5S 


7^ 


!       '       I 

TV     74  ,  74  I  73i|  69    68    -14 

82  I  80  I  81     77Ji  77J  HJ  -i(H 

I     ;     I     I     I     ■ 

27  1  25  I  25i  24  ;  21  I  21    -lOi 


8  Widdeman..\.  J..&SW.  lSW.Jsec.5,T.  13  ; 
I      S..R.26E 40|40     40     3S 

I  ROSWKLL  DISTRICT.  '  i  | 

9  !  Hagerman.  J.  J.,  b  near  center  of  west  line  ' 
1      NW.  I  SE.  J  sec.  13.  T.  11  S.,  R.  24  E. . . .    13     13  i  13     h%   l^   13}^ 

10  I  Hamilton,  »>  lot  12,  block  14  (original  town-  ' 

site).  SW.  J  SW.  J  sec.  33,  T.  10  S..  R.  24  ,  ,        ! 

K 6§     fijl'    7i    -       7       7f 

11  McClennv.  f  SE.  J  SE.  i  sec.  .irt.  T.  10  S.,  R.  i        i 

24E..* 16j    16§    20  ,  S"!     20     21 

12  Parsons,  ft  lot  4,  hUn^k  'yi  (west  side),  XE.  J 

,      SE.  J  sec.  32.  T.  10  S.,  R.  24  E 7       7       7       7       7       7 

13  I*.  V^  and  N.  E.  ronndhou.sc./  NE.  cor.  ■ 

NW.  \  SW.  J  sec.  .33,  T.  10  S..  R.  24  E. . .  12   10   10  ,  12 


12   12  , 


55  56  ;  54i|  53  53  -  9) 
92  94  I  02i'  91  91  -  4i 


53  53  ,  54  i 


33^  30J'.... 
4UJ  39}!  39 


ia|'  13i!  14 


25  27  -14 
39  39-1 


l^   13*:  +  i 


7  '  71  8  i  8   8  +  1* 
'    I    )    I 
20  !  21i  22  ;  21§,  21J  -^   *' 


.,n. 


8  -K 


14  Rasmussen.ftSW.  JNW.  isec.  21.T.  US.  ' 

25  E 31  31      31  I  31 

15  Yater,  b  lot  7,  block  20  (original  townsitc).  ■ 

NE.  J  SE.  J  sec.  ,32,  T.  lOS.,  R.24E 7  7       7  1    7i     7 


12     13  I  13     13     13     -K 
I 
31 
31      .32i    33 


31i   31i   31i    +- 
7  I  10  '....    10     4- 


a  No  measurements  were  obtained  for  Decemlwr. 

*  Casings  of  Nos.  1,  4.  5,  7,  9.  10.  12,  14,  and  15  wen*  in  perfj'ct  condition,  or  appan»ntly  so;  slight  ler^ 
age  at  valve  of  Nos.  1,  3,  and  8. 

c  Decrease  in  pressure  may  l>e  due  to  escajK*  of  water  into  a  higher  artesian  horixon.  which  is  reaclP- 
by  a  shallow  well  not  far  away. 

d  This  is  an  old  well  and  the  casing  may  Iks  defwtive. 

f  Low  pressures  in  the  months  of  June  and  July  due  to  leakage  in  pipe.       • 

/  Slight  leaka;ge  in  easing  near  surface  and  at  valve  cav\sod  vi  decrvaav  ot  pteaavire  in  J  uly  and  Augi^ 
zaeasurewents. 
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In  most  -cases  in  the  Roswell  and  Hagerman  districts,  where  the  wells  were  in  perfect 
idition,  the  pressures  of  the  flows  appear  to  be  substantially  accordant,  but  around 
tesia  there  are  several  wells  in  which  the  flows  have  materially  decreased  in  pressure 
ring  the  last  twelve  months.  Without  a  thorough  knowledge  of  the  conditions  under 
lich  artesian  water  is  obtained  around  Artesia  the  decrease  in  pressure  of  some  of  the 
x>iig^  flows  in  that  vicinity  might  at  first  appear  alarming,  but  a  comparison  of  this 
itrict  with  that  of  Roswell,  where  there  is  no  decrease  in  pressure,  introduces  many 
iportant  factore  which  have  a  direct  bearing  on  the  case. 

At  Roswell  artesian  water  is  obtained  at  a  depth  of  about  250  feet,  and  the  materials 
lased  through  offer  practically  no  difficulty:  as  a  result,  very  per'ect  wells  are  constructed, 
ben,  too,  in  this  region  wells  have  been  built  for  the  last  decade,  and  the  well  driller 
80  familiar  with  the  conditions  that  he  can  predict  with  a  fair  degree  or  accuracy  the 
laterials  to  be  encountered  in  sinking  a  well.  Farther  south  in  the  basin,  in  the  vicinity 
f  Artesia,  a  successful  artesian  well  is  not  so  easily  obtained.  Here  the  main  flow  is 
Mched  at  much  greater  depths,  which  range  Trom  700  to  900  feet,  depending  on  the  Iocs- 
ton.  The  increased  depth  is  due  to  the  presence  of  beds  overlying  the  porous  limestone 
sries.  They  consist  of  red  sand  and  gypsum  of  the  supposed  Permian  series,  and  clay, 
ne  sand,  and  gravel  of  the  unconsolidated  deposits.  The  sands  predominate  throughout 
ad  have  often  a  loose  texture  familiarly  known  to  the  well  driller  as  quicksand.  This 
Qiierial  is  very  difficult  to  drill  through  because  of  caving,  and  in  one  or  two  instances 
t  WIS  so  troublesome  that  the  owner  was  compelled  to  abandon  the  project.  The  pres- 
ure  at  the  surface  in  an  average  well  around  Artesia  b  about  80  pounds  to  the  square 
Dcfa,  which  means  over  400  pounds  to  the  square  inch  at  the  bottom  of  a  well  800  feet 
ieep.  Such  forces  are  difficult  to  manage,  particularly  where  exploitation  in  the  region 
IMS  not  been  sufficiently  extensive  to  enable  the  well  driller  to  thoroughly  acquaint  him- 
lelf  with  the  nature  of  the  obstacles  to  be  encountered,  and  make  suitable  provision  for 
tiMm.  The  region  is  also  one  that  offers  considerable  inducement  to  the  ambitious  well 
driller.  As  a  result,  new  machines  are  constantly  coming  into  this  field,  and  the  opera- 
ton,  though  skilled  in  the  art  of  well  drilling,  are  entirely  unfamiliar  with  this  locality. 
It  can  readily  be  seen  that  under  these  circumstances  imperfect  wells  are  likely  to  result. 
Some  of  the  strongest  flows  in  the  basin  are  and  have  been  unmanageable  since  their  com- 
pletion, while  others  owing  to  unfavorable  conditions  are  not  working  satisfactorily. 

COMPOSITION  OF  ARTESIAN  WATERS. 

General  giaUmenis. — ^The  artesian  waters  of  the  Roswell  basin  are  all  more  or  less  min- 
tnHzed,  but  in  only  a  few  cases  are  the  mineral  constituents  present  in  sufficient  amounts 
to  materiaUy  affect  the  taste  or  to  be  deleterious  to  plant  growth.  An  average  sample 
of  the  waters  of  North  and  South  Spring  rivers  contains  75  parts  of  soluble  matter  to 
100,000  parts  of  water.  About  two-thirds  of  the  total  solids  consists  of  calcium  carbonate 
ud  c&ldum  sulphate,  which  are  regarded  as  harmless  to  plants.  The  more  soluble  ingre- 
dients of  the  water,  consisting  of  sodium  chloride,  magnesium  sulphate,  and  potassium 
Bolphate,  occur  in  amounts  too  small  to  injure  plant  growth  if  the  ground  is  properly 
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drained.    The  following  analyses  of  waters  of  North  and  South  Spring  rivera  vcp^^nndg 
by  Prof.  E.  M.  Skeats,  of  El  Paso,  Tex.: 

Analyses  ofvxiUrfrom  springs  in  North  Spring  and  South  Spring  rivers. 

SAMPLKS  raOM  MABQINAL  SPRINGS  IN  NOBTH  SPRING  RIVKR. 

[Parts  per  million.] 


I  Totel 
solids. 


No.  1 '  820 

No.  2 '  710 

No.  3 j  700 

No.  4 635.6 

No.  5 610 

Mean I  099.1 


SiUca 
(8iO,). 

Water. 

r4U- 
cium 
(Ca). 

(Mg). 

Sodium 

(Na). 

Chlorine 
(CI). 

(Sol      ^'^'^ 

15 

20 

25.1 

15 

20 

84.7 
96.9 
65 

14.1 

122.3 
14&6 

ioa2 

126.0 
102.2 

4&8 
4&8 
45.4 
43.5 
4a4 

57.5 
&5 
37.5 
22.5 
30.3 

93.6 
56.4 
78.9 
67.9 
49.6 

1 
281.9  ,        U&l 
240.6  1        ll&l 
242.1,        lOtO 
245.6          ll&l 
245.5  !        1019 

'    19 

52.1 

120.7 

45.6 

31.2 

6a3 

251.5  •        IIL4 

SAMPLES  FROM  MARGINAL  SPRINGS  IN  SOUTH  SPRING  RIYKR. 

[  Tarts  por  million.] 


No.  1. 
No.  2. 
No.  3. 
No.  4. 
No.  5. . 
No.  6. 


M(>an . 


ToUl    I    Silica 
solids.    I    (SiOi). 


700 
730 
690 
790 
1,140 
1,070 


853.3 


26.9 
30.8 
22.3 
l&O 
50.0 
41. 5 


Water. 


31.2 


49.4 
50.0 
53.0 
63.4 
94.0 
85.5 


Calcium 
(Ca). 


65.9  I 


80.9 
72.1 
76.1 
72.1 
80.1 
80.1 


Sof.'ium 
(Na). 


23.5 
51.0 
1&8 
32.1 
62.1 
52.8 


92. 3  1 .       44. 7 


Chlorine 
(CI). 


I  Carbonic 

acid 
,    (CO.). 


Calcam 
magne-, 
fliuniiui- 


46.7 
63.0 
27.9 
48.5 
63.7 
81.2 


121.6 


107.9  I 


06.2  I 


114.9  I 

107. 9 ; 

119.9  I 
119.9  1 


115.4  I 


351 

378 
450 
670 
609 

«8.9 


SAMPLES  FROM   BOTTOM   SPRINGS  IN  SOUTH  SPRING  RIVER. 


Total 
solids. 

680 

700 

670 

(r20.M 

700 

(i90 

700 

090 

67K 

Silica. 

27.2 
13.4 
9.6 
20. 5 

Water.   ' 

51.8  1 
51.  2 
57.0  1 
52.5 
27.  M 
.W.  0 

.w.o 

51.0 
.%.  5 

Ca. 
Ill 

imi2 

106.2 

106.2 
109.2 
10<i.8 
106.2 
la*).  6 
112.5 

107.8 

CO,. 

70.8 
70.8 
70.8 
72.8 
71.2 
70.8 
70.4 
75. 0 

71.x 

Na. 

CI. 

Calcium 
magne- 
sium sul- 
phate. 

No  1           

1&9 
17.1. 
19.9 
18.7 
17.3 

ia9 

18.0 
17.5 
17.5 

2G.3 
30.5 
28.8 

25.9 
27.7 
27.0 
27.0 

36&0 

No.  2        

365 

No  3 

406 

No.  4 

No  5                      

372L5 
367 

No.  6 

No.  7 

No.  H 

No.  9 

,•50.  2 
38.3 
41.6 
45.0 

27.4 

374 
374 
384 
362 

Mean 

18.0 

27.7 

^4 

The  composition  of  the  artesian  water  at  Roswell  differs  somewhat  from  that  of  North 
Spring  River.  The  total  .solids  are  j^reater  and  also  the  amount  of  sodium  chloride.  The 
following  analysis  will  show  the  composition  of  the  water  from  a  number  of  representative 
welLs  at  Roswell. 
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Amdj^m  ofwaUrfrom  artesian  treOs  at  Rottwell. 
[Individual  data.     I'artM  \d^x  million.] 


^aap  and  date*. 


CrcHrify: 

.\pril.  1J«6. 

April.  I»7 

lUuhpWfl.    Tenn., 
south  of 

CAboon: 

1«6 

\m 

Foe.J.  W 

Judge  Lptt 

CapUin  CUrk 

liUkT.n.  M 

Pragpr 

Sletm  laundr>' 

LetJ.C 


Feet.  • 
1&5 
155 

192 

227 
227 
237 
225 
256 
230 
218 


M.5 
64.5 


70.5 
70.5 

71 
0a2S 


331 


1130 
930 

680 

mo 

790 
930 
KIO 
1.330 
1.020  , 
1,170 
1,290 
l.lfX) 


48.0 
119.5 

86.5 

91.0 

3.'i.5 

46.0  I 

20.2  I 

123.0  ' 
I 
72.3 

VI.  H 

182.0 

33.0 


I 


(a. 


76.1 
70.1 


7fi.l 

71.1 

76.1 

7119 

70.1 

63.1 

73.  H 

68.0  j 

70.1 


CO,. 


ii:i9 

94.9 
83.9 

113.9 
106.4 
113.9 

115.1  I 

94.9  ' 

10(i.4  ; 

110.4  \ 

102.0  I 

04.9  ! 


Mg. 


Na. 

1 

n. 

Cal- 
cium 
ml«- 
neaium 

sul- 
phate. 

160.9 

247.0 

4815 

114.5 

170.0 

395.0 

44.7 

68.8 

340.0 

92.2 

141.8 

315.0 

96.5 

108.0 

316.6 

89.8  ' 

138.2 

46*1.0 

80.6 

133.2 

378.0 

154.1 

23(L9 

641.0 

111.5 

171.5 

487.5 

lOtkO 

163.0 

576. 5 

183.6 

282.4 

472.0 

iriO.O 

230.0 

572.0 

Tbe  waters  of  the  larger  tributaries  of  Pecos  River  from  the  w«wt,  analyzed  by  Prof. 
E-  M.  Skeats,  are  reported  to  have  the  following  composition: 

^•o/jfM*  of  waUr  of  the  Hondo,  Felix,  North  and  South  forkft  of  Serpen  Riwrs,  and  Penasco 


Silica, 
RiTnand  location.       ToUl       ^^c.        ,,^        „^       ^^^       ,.,,^ 


S(^. 


Tem- 

n.     pt»ra- 

tiim. 


Kemurka. 


Hondo  (above  Pfc»a-     i.ios 

cho). 


80.: 


231.9     59.1      37.1      104.3     (522.4     59.,') 


1.32aO       194.9     231. 


1.18      112.4     670.9     21.3     66.  .I 


Frill  (iMtd  spring) . . . ,      467. 2         18. 8  i  107. 9     23. 9     !.'».  2     12.').  0     l.'i2. 0     23. 3 
Sooth  Seven   (bead 
ipring). 

North  Seven   (bead 
•pring). 


1.020.0 
Plniaaco  (by  ailljerta) I      OSa  0 


I 


I 


Wator     fairly 
cUinr. 


75.6|U>4.0     71.8     38.9      102.2     .Vw.  7      19.8    .. 
10.0      iai.7      42.  S      1'..2      107.9     :f-M.3     2.3.3    -• 

I  1 


Trace  of  hy- 
drogen Rlll- 
phi<Ie. 


ORIGIN  OF  THE  ARTESIAN  WATER. 


The  watei^bearing  formations  in  the  Roswell  artesian  area  outcwp  in  successive  zones 
on  the  higher  slopes  to  the  west.  There  th<»v  n.»ceive  tlieir  water  supply  by  dinrt  al)sorption 
from  rainfaU  and  by  the  sinking  of  streams  (se<»  PI.  IX).  Th<»  Hondo,  Felix,  Pena.sco,  and 
iSeven  rivejs  are  the  most  important  sourct»s.  Thes<'  streams  all  rist»  high  on  the  slopes  of 
the  Oapitan,  Sierra  Blanca,  and  Sacramento  mountains,  where  the  rainfall  is  relatively 
large.  As  a  result  they  carr\'  an  abundance  of  water  in  their  upper  courses,  all  of  which 
fdnks  in  the  outcrop  zone  of  the  pomas  lim(>stones  and  the  overlying  fomiations  and  passes 
undet^ground  to  the  east.  After  the  water  has  entenul  thesi*  pon)a^  format ioas  it  is  con- 
fined by  inipenrious  layers  of  limestone  or  clay,  and  under  the  lower  lands  to  the  eaat  it  is 
under  considerabJe  pressure. 
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AMOUNT  OF  ARTB8IAN  WATER. 

It  is  difficult  to  make  own  an  approximate  estimate^  of  the  total  amount  <ff  mem 
water  available  in  the  porouH  formations  underlying  the  Roswell  artesian  area.  We  do  not 
know  definitely  how  much  water  is  absorbed  by  the  permeable  rooks  in  their  west^/n  out- 
crop, and  we  are  unable  to  calculate  the  amount  which  escapes  through  springs  and  bf 
underflow  along  Pecos  River. 

The  area  drained  by  the  larger  western  tributaries  of  Pecos  River  comprises  in  ^ 
about  4,000  square  miles.  It  lies  along  the  east  slopes  of  the  Capitan,  Sierra  Blanct,  ^ 
Sacramento  mountains.  The  location  and  extent  of  the  combined  watersheds  of  all  streafl> 
supplying  water  to  the  underlying  formations  of  the  Roswell  basin  is  shown  in  PI.  IX.  'H 
annual  precipitation  for  this  general  region  is  comparatively  large,  ranging  from  10  to ' 
inches.  The  mean  annual  precipitation  at  Fort  Stanton,  N.  Mex.,  which  lies  in  the  ai 
drained  by  Hondo  River,  is  about  15  inches.  The  average  for  sevent^^en  years  prior 
1891  was  19  inches,  but  from  1901  to  1903,  inclusive,  the  annual  rainfall  was  far  Wk 
the  average.  The  following  table  shows  the  result  of  observations  throu^i  a  period 
nearly  five  years,  ending  with  1904: 

Monthly  and  annual  precipitationf  in  inehegf  at  Fori  Stanton,  N.  Mar. 


Year. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

A<w. 

Sep.. 

Oct. 

Nov. 

I)if. 

nu 

1900 

0.48 

0.90 

1.09 

1.03 

1.98 

2.18 

tkoe 

1.43 

a40 

0.3t> 

1001 

....    0.10 

....  o.or» 

0.90 
0.00 

0.64 
1.88 

1.34 
0.24 

2.28 

I,  87 

^00 

1.76 
1.81 

2.85 
0. 16 

0.95 
0.57 

1902 

0.3H 

0.22 

S 

1903 

....    0.'M\ 

0.  7.'i 

0.17 

0.20 

0.38 

3.41 

0.62 

L%% 

t.b& 

0.48 

0.00 

0.05 

< 

1904 

....    0.0-2 

0.10 

O.M 

0.15 

0.14 

1  2.87 

2.m 

fl.Ofl 

2.68 

0.08 

O.X> 

At  Lower  l*ena.sc(),  situiited  on  the  headwaters  of  Penasco  River,  the  mean  annual  p 
<'ipitution  is  alMuit  IS  im*he.s,  a.s  is  shown  by  the  following  table: 

Monthhj  and  annual  precipitation ,  in  inches,  at  Lower  Penwtco,  N.  Mex. 


Vrar. 


.Fan.     Feb.    Mar.    .Vpr.    May.   June.  July.   .\ug.    Sept.j  Oct.    Nov.    Deo. 


l«Hi 0.  so  0. 40     0.  10  T.  T.       2.  a'> 

1W7 1.40       T O.TiO  0.S5     0.  .V» 

189H O.CiO  0.2.'»     0.10  l.U')  0.70  .   1.  HO 

1K90 T.  0.20     0.:i-.  T.  0        |   1. 70 

MH) 0.  »M)  0.  ;w    0.  :i")  o.  :w  i.  70  ■  2.  ih) 

nH)\ O.TiO  1.1.')  ;   l.O.'i 

1902 O.SO  0.0.-)   0.00  T.  O.-.iT}     0.30 


;*.  rit\ 

1.38 

1.57 

6.01 

T. 

a40 

K 

5.  (« 

.115 

1.80 

1.05 

0.10 

0.25 

7.40 

4.00 

1.15 

T. 

0.30 

2.40 

3t 

5.W 

1.35 

2.90 

1.15 

1.50 

1.05 

U 

i.HTy 

1.95 

5.  45 

1.05 

T. 

0.i» 

2( 

li.  (iK 

0.97 

3.90 

T. 

From  tlie  aUive  stutonients  it  is  apparent  that  the  total  amount  of  water  which  falls  du: 
a  year  of  average  pre<'ipitati<»n  tliroughout  the  combined  watershed  of  the  Hondo,  F< 
Pena.sr»>,  and  S«»ven  rivers  is  necessarily  large.  Of  course  a  portion  of  this  water  is  lot* 
evaporation  and  nin-oir,  hut  a  <*onsideral)le  amount  is  a)xsorl)od  })v  the  water-l)earing  n 
and  l>«K*onu»s  availahl<>  to  the  ea.st  a.s  artesian  water.  It  has  not  l)ecn  practicable  in 
present  investigation  to  compute  the  total  outflow  of  all  the  artesian  wells  in  the  Roff 
ba.sin,  hut  at  a  lilMTal  estimate  this  amount  would  probably  Im>  only  a  small  proportio 
tlie  quantity  ulworU'd  by  the  water-lwaring  rocks  througliout  their  western  outcrop  a 
This  is  clearly  .shown  by  the  large  number  of  wells  which  it  has  lu'en  {M>s.sible  to  sink  in 
town  of  K<Ksw(>lI  without  nuiterially  diminishing  the  flows  of  some  of  the  first  wells  dug. 
is  possible  that  the  amount  of  artesian  water  availa))lf>  around  Artcsia  is  not  so  gn*at  a 
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RoHwell,  but  the  only  evidence  of  this  is  the  decrease  in  pressure  of  sonic  of  the  wells  at 
Artesia.  The  combined  watershed  of  the  streams  lying  west  of  this  part  of  the  basin  is 
Imi-gcT  than  that  of  Hondo  River,  and  according  to  the  Weather  Bureau  records  it  has  a  some- 
'what  greater  annual  rainfaU.  For  these  reasons  we  would  expect  the  formations  underlying 
the  southern  part  of  the  basin  to  contain  a  lar^  amount  of  water.  While  there  is  evidence 
of  a  general  decrease  in  flow  throughout  the  Artesia  district,  it  is  probable  that  this  diminu- 
tion is  largely  due  to  the  clogging  of  the  pipes  with  sediment,  the  escape  of  water  along  the 
outside  of  the  tubing  from  lower  to  higher  horizons,  and  various  other  causes  which  are 
known  to  affect  the  flow  of  artesian  wells. 

It  is  believed  that  there  is  no  cause  for  fear  that  the  water  supply  throughout  the  northern 
part  of  the  Roswell  basin  will  give  out  or  become  inadequate  for  all  requirements  under 
proper  economy  of  practice.  In  the  region  of  Artesia  and  McMillan  not  enough  welLs  have 
been  sunk  to  indicate  the  amount  that  the  wfiter-!)earing  beds  may  be  expected  to  yield. 

WASTE  OF  WATER. 

There  is  pressing  need  for  greater  econony  on  the  part  of  the  users  of  well  water  throughout 
Uie  Roswell  basin.  At  Roswell  a  city  ordinance  regulates  the  management  of  all  flowing 
wells,  but  throughout  the  remainder  of  the  district  no  restraint  whatever  is  placed  upon  the 
management  of  the  wells,  and,  with  very  few  exceptions,  they  are  allowed  to  flow  continu- 
ously. A  small  portion  of  this  water  is  stored  in  artificial  reservoirs,  but  by  far  the  greater 
part  runs  off  into  pools,  evaporates  and  seeps  away  on  uncultivated  lands,  or  runs  directly 
into  Pecos  River.  In  one  case  noted  a  ditch  leads  from  the  well  directly  to  the  river,  a  dis- 
tance of  one-half  mile,  and  it  is  not  an  unusual  thing  to  And  water  flowing  from  the  wells  to 
low,  marshy  lands  adjacent  to  the  river,  where  by  underflow  it  soon  reaches  the  main  channel. 
Formerly  many  of  the  wells  were  not  even  furnished  with  reservoirs,  and  the  water  was  car- 
ried by  laterals  directly  to  the  fields  during  the  irrigating  season,  and  at  other  times  was 
•Uowed  to  flow  off  through  wasteways. 

Nearly  all  the  wells  that  are  being  constructed  at  the  present  time  in  the  southern  part  of 
the  basin  are  to  be  furnished  with  reservoirs  ranging  in  capacities  from  6  to  24  acre-feet, 
^hich  are  filled  as  often  as  necessary  during  t)ie  irrigating  season.  Even  these  commendable 
pix>visions  are  quite  ineffectual  in  the  case  of  wells  not  provided  with  valves,  as  they  con- 
8er\-e  only  a  relatively  small  portion  of  the  total  flow.  An  effort  is  now  being  made  by  a  few 
<*f  the  well  owners  in  the  vicinity  of  Artesia  to  provide  each  well  with  a  suitable  valve,  so 
^^At,  when  the  water  is  not  in  use  and  the  reservoir  is  full,  the  flow  can  be  shut  down.  There 
^  a  general  prejudice  among  well  owners  against  shutting  off  the  flow,  as  they  fear  that  it  will 
decrease  the  efficiency  of  the  well.  It  is  true  that  in  a  few  cases  wolls  have  l)een  damaged 
^^  this  way,  but  where  th^  were  properly  constructed  the  per  cent  injured  is  very  small. 

SHALLOW  WELLS. 

^lorc  or  less  water  is  obtained  throughout  the  Roswell  l)asiu  at  depths  varying  from  25  to 
^^X>  feet.     The  water  usually  occure  in  coarse  gravel  of  the  unconsolidated  deposit^s.     The 
supply  appears  to  be  inexhaustible,  and  in  many  cases  the  water  is  used  for  irrigation  pur- 
P^^ses.    Outside  the  area  of  flow  from  Roswell  to  Hagemian  there  are  a  number  of  wells  75 
^^  100  feet  deep,  which  furnish  5,000  to  7,000  gallons  of  water  a  day.    The  water  is  generally 
pumped  with  windmills.     In  the  vicinity  of  Roswell  a  few  deep  nonflowing  wells  arc  pro- 
vided with  gasoline  engines.     A  ga.soline  pumping  plant  <m  Shennan's  fann,  at  Roswell,  is 
«hown  in  PI.  VIII,  B. 

Bordering  the  area  of  flows  throughout  the  Roswell  basin  there  is  a  zone  of  irrigable  land 
3  to  5  miles  wide,  in  which  water  would  probably  rise  in  de<*p  wells  to  within  HX)  feet  of  the 
surface,  ao  that  it  could  \w  profitably  pumped  for  irrigation.  The  appn)xirnate  limit**  of 
^is  area  are  shown  oh  PL  VI. 
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The  following  list  giv«»s  the  prin(*ipal  fratures  of  a  number  of  shallow  wells  in  the  nortl 
part  of  the  Koswell  basin: 

Lixf  of  ahaUow  tnelis  in  the  Rostpdl  hagin. 


I  Am* 
Name  of  owner  and  locution.  j  Depth,  j  pun 


'  Feet.     Gal 

Alhrwht.E.  0.,NW.j8ec.32,T.12  S.,R.25E 1 88  ] 

Altobery,J.K.,S.J  NW.J  8ec.28,T.  II  S..R.23  E 308  ' 

Ik'thol,  H.,W.iNW.i8«!.l,T.17S.,H.25E 72   

Bowers,J.S.,SW.i80C.23,T.llS.,R.23E 132  | 

Brink,  F.,E.l  NW.  i  sec.  15,  T.11S.,R.23E 125  | 

Clark,  J.  n.: 

NW.i  8ic.l8,T.17S.,R.26E 38   .... 

SE.  i  SE.  i  sec.  12,  T.  17  S. ,  R.  25  E 100  ' 

Com,W.W.,SW.J  SW.i  8ec.3.5,T.  11  8.,R.25E 42  ..... 

CostH,N.,SE.J  SE.J«oc.8,T.  11  S.,R.24  E 27  I 

(lillKTt ,  C.  II. , N E.  i  NE.  J  sec.  21 ,  T.  11  S. ,  R.  25  E »»  I 

Cllshwiller.  J.  A. ,  8W.  J  sec.  18,  T.  1 1  S. ,  R.  24  E 71  i 

JIobbs,J.W 58   ..., 

lIol)b8  &  Hanney , SE.  i  sec.  2,  T.  11  S. ,  R.  23  E 77 

llortenstein, SW.  i  ««.  23,  T.  12  S. ,  R.  25  E '.....  102  i 

Miller,  F.,T.  11  S.,R.23E ;  85 

Millhoist>r,P.:  j 

SW.  J  SW.Jsec.7,T.  11  S.,R.24  E 30  | 

SW.J  NE.i8ec.7,T.lIS.,R.24E I  175  ' 

I'Hiilson ,  P.  O. ,  N VV. }  sec.  30,  T.  1 3  S. .  R .  2f}  E 58  ' 

Peck.  J.  C. ,  SE.  i  sec.  27 ,  T.  1 1  8. .  R.  23  E 160 

St.John.J.  A.,SE.J  SE.  I  sec.  18,T.  11  S.,  R.  24  E '  60 

Saunders,.!.  P., SW.J  NW.  \  sec.8.T.  13  8.. R. '25  E 155   

Smith,  E.L.,T.  11  8..R.23E 129  , 

Stockard.J.W.:  ' 

SE.i  8E.J  8M'C.23,T.118.,R.23  E ! 150  j 

NW.i  SE.i  sec.23.T.  11  S.,R.*23E 92 

Turner,  W.  P.,NE.i  NE.  i  s<>c.7.T.ll  S..R.24K 30  \ 

White,  ( ;.  A . .  wc.  18, T.  14  S. ,  R.  2()  E 84  ' 

Williams, O.  L. ,  NE.  i  s««c.  7. T.  12  S.,R.  '25  E 103  ; 

__  _   , , I 

IRRIGATION. 

Irrij^ation  lias  boon  practiced  to  sonic  extent  in  the  Hoswell  basin  since  the  first  s< 
nicnts  were  made,  but  prior  to  1889  only  a  few  small  farms  were  irrigated.  The  pe 
ncnt  water  supply  in  the  vicinity  of  Uoswcll  was  the  first  to  Ix*  utilized.  Here  a  nui 
of  small  dit<'hes  were  dug,  and  by  extending  these  ditches  from  time  to  time  the  pn 
Koswell  irrigation  sy.stem  has  Imm'u  dcvelop(»d.  The  Northern  canal  system,  which 
gates  the  tt'rritory  south  of  Koswell,  was  built  by  a  development  company  as  a  pa 
a  large  irrigating  project,  designed  to  irrigate  Pecos  Valley  from  Roswell  to  the  T 
New  Mexico  line. 

Roswell  system. — A  number  of  ditches  hav<'  been  coiistnicted  from  the  head  sprin 
Middle  and  South  Berrendo  and  North  and  South  Spring  rivers,  which  furnish  wat( 
the  land  along  their  valleys.  The  surplus  water  of  the.se  ditches  is  dirt»cted  into  the  N 
ern  canal  to  1m'  used  for  irrigation  farther  down  Pecos  Valley. 

Northern  canal. — This  canal  extends  from  Hondo  Kiver  at  a  point  al>out  5  miles  et 
Ko.swell  to  near  Lake  Arthur,  a  distance  of  alx)ut  35  miles,  and  irrigates  a  large  di: 
of  well-improved  farming  land  in  the  vicinity  of  Hagerman.     Iit»sides  receiving  water 
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le  BeiTpndo  and  North  and  South  Spring  rivere,  the  Northern  canal  is  supplied  with 
ater  to  some  ejctent  by  artesian  wells.  Though  the  water  of  the  Northern  canal  is  highly 
ioeralized  from  the  large  amount  of  seepage  water  which  it  receives  in  the  vicinity  of 
oswell,  the  harmful  salts  apparently  are  not  present  in  sufficient  quantities  to  affect  plant 
owth.  Tlie  foUowing  analysis  made  by  Prof.  E.  M.  Skeats  shows  the  average  condition 
the  Northern  canal  water: 

Analysu  of  Northern  canal  tvaler. 

Parts  (xfr  million. 

Hum  (Na) 256wl 

iium  and  potassium  sulphates 230. 0 

igneaium  (Mg) 50. 4 

lciam(Ca) 428.0 

loriiie(Cl) 393.9 

rbonicacid  (COj) 101.9 

Iphuric  acid  (SOi) 349. 7 

icA,  alumina,  and  iron  (8iOiFeiO»AltO») 20. 0 

ater  ol  crystallization 190. 0 

Total  solid 2.020. 0 

Hondo  project. — Preparations  arc  now  being  made  by  the  Government  to  store  the  flood 
Iters  of  Hondo  River  for  the  purpose  of  irrigating  lands  along  Hondo  Valley  above  Ros- 
ill.  The  location  of  the  proposed  reservoir  Ls  in  a  high  natural  depression  on  the  divide 
'tween  Blackwater  Arroyo  and  Hondo  River.  The  surface  rock  in  the  vicinity  is  a  mas- 
re  blue  limestone,  weathering  to  light  gray,  underlain  by  alternate  layers  of  gypsum 
d  red  and  yeUow  clay.  TTie  bedding  was  originally  uniform,  but  surface  waters  have 
solved  the  gypsum,  causing  a  settling  of  the  beds  in  the  bottom  of  the  reservoir  and 
Doderable  local  distortion  around  its  rim.  A  number  of  borings  wore  made  with  a  dia- 
ODd  drill  in  the  bottom  of  the  reservoir,  in  order  to  determine  the  character  of  the  under- 
ing  rocks.    The  following  is  a  record  of  one  of  these  borings: 

Record  €f  diamond-drill  boring ^  Hondo  reservoir  «te,  New  Mexico. 

Feet. 

»y 0   -11.1 

token  limcstooe 11. 1-22 

»f 22    -25 

"rtty 25    -30 

token  rock  cavities 30    -64. 4 

mm 64.4-70.2 

»y 70.2-71.9 

»% 71.9-73.4 

wserock 73.4-76.8 

rmra 76.8-79.8 

»y 79.8-80.2 

^nwtone 80.2-88.4 

n>win '. 88.4-91.8 

ARTESIAN  IRRIGATION. 

'Hie  use  of  artesian  water  for  irrigation  in  the  Roswell  area  l)egan  soon  after  the  first 
>wiiig  wells  were  obtained,  and  it  has  been  gradually  increasing  over  since.  Irrigation 
Dm  the  waters  of  Hondo  and  North  and  South  Spring  rivers  has  l)een  practiced,  as  pre- 
ously  stated,  for  many  years,  and  the  ase  of  artesian  water  was  not  resorted  to  until 
08t  of  the  surface  waters  of  the  region  had  been  appropriated.  Tliere  are  now  several 
nnsinthe  vicinity  of  Roswell  that  depend  entirely  on  artesian  water  for  irrigation,  and 
>  the  south  nearly  all  the  land  included  in  the  area  of  flow  has  been  filed  on  with  the 
"Wntion  of  reclaiming  it  by  artesian  irrigation.  Many  of  the  farmers  in  the  vicinity  of 
•otwell  who  have  practiced  artesian  irrigation  for  several  years  have  obtained  results 
"Hich  are  highly  satisfactory.  Tliis  has  caused  considerable  interest  and  enthusiasm  among 
^  living  farther  south  in  the  loss  developed  portions  of  the  basin,  and  in  this  rc^oii 
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many  large  wells  are  now  being  sunk,  which  wiU  be  used  exduaively  for  irrigation.  V 
of  these  wells  are  being  provided  with  storage  reservoirs,  so  that  a  lai^r  amount  of « 
will  be  available  during  the  growing  season. 

Among  many  landowners  throughout  the  area  there  is  a  tendency  to  overestimate 
amount  of  land  that  can  be  irrigated  f Dom  .an  ordinary  artesian  well.  According  to 
servative  estimates  made  by  irrigators  who  have  had  considerable  experience  in  this  loc 
a  flowing  well  with  a  yield  of  450  gallons  per  minute,  provided  with  a  suitable  storage  r 
voir,  will  irrigate  90  acres  of  alfalfa  or  70  acres  of  orchard .  In  order  to  accomplish  this,  I 
ever,  the  land  must  have  the  proper  slope  and  the  soil  must  be  of  unifonn  texture.  Al 
requires  more  water  than  any  of  the  staple  crops.  Under  ordinaiy  conditions  30  in 
per  year  is  sufficient,  but  if  the  land  is  irrigated  during  the  winter  a  lazger  quantity  i 
quired.  If  this  amount  of  water  is  properly  applied,  three  or  four  crops  may  be  cut 
harvesting  period  ranging  from  May  to  the  latter  part  of  August.  An  average  yiel 
alfalfa  is  1  ton  to  the  acre  for  each  cutting. 

It  is  difficult  to  make  definite  statements  regarding  the  irrigation  of  orchards  in 
locality.  It  is  accomplished  in  many  different  ways,  depending  mainly  on  the  age 
condition  of  the  trees.  In  many  instances  vegetables  are  raised  between  the  rows  of  t 
and  no  additional  water  is  required  for  the  irrigation  of  the  orchard.  It  is  generally  i 
cient  to  winter  an  orchard  once  a  month  during  the  summer  and  once,  or  possibly  not  a 
during  the  winter.    About  15  to  20  inches  of  water  a  year  is  required. 


CLIMATE. 

Temperaiure. — The  climate  of  the  Roswell  basin  does  not  differ  materially  in  the 
vailing  aridity  from  that  of  the  remainder  of  southern  and  eastern  New  Mexico.  '  The 
perature  of  the  region  is  high,  with  a  low  relative  humidity.  The  summere  are  usually 
and  hot  and  the  winters  mild  and  pleasant.  The  maximum  temperature  is  110^  am 
minimum  seldom  falls  far  below  zero.  The  following  tables  compiled  from  the  reoor 
the  United  States  Weather  Bureau  give  the  mean  monthly  maximum  and  minimum 
peratures  of  the  Roswcil  district.  The  observations  extend  over  a  period  of  ten  y 
1895  to  1904,  inclusive: 

Mean  monthly  temperature  at  RosweU,  N.  Mex, 


i  Jan.  1  Feb. '  Mar.    Apr.    May.   June. ,  July. 

Aug. 

Sept. 

Oct.  !  Nov. 

Maximum 

Minimum 

'  71.6  1  78.6     85.4 

;    6.5  '    5.4  i  ia4 

90.1      86.9 
26  1  38.5 

1 

101.  4  1  99. 2 
49. 9       5(1 8 

99.4 
55 

97.3 
41 

87.5     81.5' 
28.5     17      1 

Rainfall. — The  average  annual  precipitation  at  Roawell  is  16.6  inches.  The  gr 
part  of  this  amount  falls  during  the  montlhs  of  June  and  July  in  frequent  showers,  w 
although  often  violent,  are  generally  local  and  of  short  duration.  Only  a  small  perrei 
of  the  annual  precipitation  falls  a.s  snow.  The  following  record  of  the  monthly  and  ai 
pecipitation  at  Roswell,  extending  over  a  jxiriod  of  ten  years,  shows  considerable  vari« 
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Monthly  and  annual  precipitation f  in  inches^  at  RosweU^  N.  Mex. 


Year. 


Jan. 

Feb. 

"■' 

Apr. 

U.y. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

An- 
nual. 

0.40 

0.48 

0.02 

0.14 

2.31 

1.28 

4.45 

2.99 

1.09 

2.11 

0.85 

0.07 

16.19 

0.60 

0.14 

0.02 

T. 

0.12 

1.97 

1.79 

0.40 

1.89 

5.46 

0 

0.64 

13.12 

1.12 

0 

0.50 

1.35 

a  76 

1.42 

2.78 

2.94 

1.25 

.44 

T. 

T. 

15.65 

0.26 

0.86 

T. 

0.34 

1.03 

6.05 

&53 

2.99 

0.69 

T. 

0.50 

1.37 

30.62 

0.06 

0.15 

0.06 

0.23 

0.27 

1.62 

4.37 

1.21 

3.64 

0.-20 

3.21 

1.54 

16.56 

0.»6 

T. 

0.50 

0.39 

1.62 

2.13 

2.85 

1.25 

6.53 

a33 

0.17 

0.07 

19.80 

0.21 

1.15 

aoo 

0.97 

1.04 

0.22 

3.04 

0.60 

1.99 

2.21 

6.15 

0.26 

17.84 

1.24 

0.00 

0.83 

T. 

0.70 

1.03 

5.52 

1.80 

^08 

1.36 

0.52 

0.50 

ia58 

a22 

0.96 
0.14 

0.10 
0.00 

T. 
0.07 

0.74 
1.30 

4.37' 
1.80 

0.92 
5.10 

T. 

2.67 

0.00 
0.15 

0.00 
0.30 

0.16 

1.23 

O.M 

13.75 

he  heaviest  rainfall  ever  recorded  at  Roswell  was  on  October  31,  1901 ,  when  5.65  inches 
in  one  night,  causing  considerable  damage  by  flooding. 


AGRICULTURE. 

be  general  aridity  of  the  climate  renders  farming  without  irrigation  impracticable 
ept  in  a  few  low-lying  areas  adjacent  to  Pecos  River.  In  consequence  agriculture  is 
ricted  to  those  portions  of  the  valley  where  water  can  be  obtained  from  some  of  the  vari- 
canals  or  from  artesian  wells.  The  cultivated  portions  of  the  basin  at  present  com- 
e  about  one-eighth  of  the  total  area  included  in  this  report,  the  remainder  being  utilized 
pasturage  of  cattle — an  industry  to  which  the  higher  lands  are  well  adapted.  The  chief 
ducts  are  alfalfa,  Kafiir  com,  wheat,  oats,  com,  potatoes,  Mexican  beans,  cantaloupes, 
IT,  and  a  large  variety  of  garden  vegetables.  Alfalfa  and  Kafiir  com  are  perhaps  the 
^t  crops  and  both  are  consumed  in  the  region.  Fmit  raising  is  a  growing  industry  and 
uy  large  orchards  are  found  in  the  irrigated  district.  Peaches,  pears,  plums,  cherries, 
I  other  small  fruits  have  a  hardy  growth  and  an  abundant  yield,  but  the  apple  crop  is 
most  important.  At  South  Spring  there  is  a  large  apple  orchard,  comprising  about  600 
B8,  from  which  many  thousand  pounds  of  apples  are  shipped  annually.  Several  largo 
)le  orchards  have  been  planted  during  the  last  five  years,  and  fmit  raising  seems  destined 
become  one  of  the  most  important  industries  of  the  district.  The  seasons  are  ordinarily 
sufficient  length  to  insure  the  maturity  of  all  cultivated  crops. 
IHR  158—06 3 
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IMARY  OF  THE  UNDERGROUND-WATER  RESOURCES 
OF  MISSISSIPPI. 


By  A.  F.  Crider  and  L.  C.  Johnson. 


INTRODUCTION. 

GENERAL   WATER   GONDITIONS    IN    MISSISSIPPI. 

'  prol)lem  of  obtaining  potahlo  water  in  sufficient  quantities  and  at  a  minimum  cost 
ng  engaged  the  attention  of  scientific  and  practical  men  in  both  Europe  and  America, 
recently  the  denth  of  a  large  numl)er  of  people  from  infe<;tious  diseases  contracted 
inking  contaminated  surficial  water  has  directed  the  attention  of  the  general  public 

necessity  of  seeking  drinking  water  from  some  other  source. 

the  Ciulf  C\)a8tal  Plain,  of  which  Mississippi  is  a  part,  conditions  are  favorable  for 
ing  to  a  minimum  the  death  rate  caused  by  drinking  impure  and  unwholesome  water, 
dy  of  the  geologic  conditions  of  the  State  shows  that  there  is  a  greAt  thickness  of 
solidated  sands  interlxuided  with  water-tight  clays  which  dip  slightly  to  the  south 
est  and  form  large  underground  reservoirs  for  the  accumulation  of  water.  The  State 
heavy  annual  rainfall,  which  enters  the  upturned  edges  of  the  open-textured  sands, 
[h  in  these  wide  reservoirs,  and  thus  becomes  available  as  well  water  when  the  over- 
strata  are  drilled  thmugh.     Good  deep-well  water  can  be  obtained  over  almost  the 

State,  and  there  an*  large  areas  in  which  under  favorable  conditions  flowing  wells 
>tained.  The  dip  of  the  strata  is  so  regular  and  the  water  horizons  are  so  numerous 
he  areas  are  small  in  which  potable  water  can  not  Ix?  found  at  comparatively  shallow 

3. 

nost  of  the  localities  having  flowing  wells  the  supply  seems  adequate  for  all  detnands 
made  upon  it.  The  low  cost  of  drilling  wells  in  the  Gulf  embayment  has  made  it 
le  for  even  the  poorest  to  have  plenty  of  good  water.  Railroads,  cotton  mills, 
ills,  canning  factories,  and  various  public  works  have  found  the  deep-well  water 
pr  and  better  than  surficial  water.  Along  the  southern  coa.st  in  the  rice  area  water 
igation  i-?  in  many  places  obtained  from  artesian  wells. 

FIEIJ)   WORK. 

field  work  for  this  report  was  done  by  Messrs.  L.  C.  Johnson  and  A.  F.  Crider.  Mr. 
^n  has  been  engaged  for  a  number  of  years  in  geologic  work  in  Mississippi  and  Ala- 
for  the  Alabama  Gcologiral  Survey,  and  later  for  the  United  States  Geological  Survey, 
ollection  of  well  riM-ords  in  this  report  was  to  a  great  extent  made  by  him.     In  the 

19()4  Mr.  Crider,  under  the  sujK'rvision  of  Messrs.  E.  C.  Eckel  and  M.  L.  Fuller,  in 
^  of  geology  and  water  n»sources,  resp<»ctively,  collected  further  data  on  the  geology 
:s  relation  to  the  undei-ground  waters  of  the  State.     The  present  report  was  pre- 

by  Mr.  Crider  froni  the  data  obtained  from  the.se  sources.  Much  valuable  infonuar 
ras  also  ohtauied  from  owners  of  wells,  drillers,  and  ol\iCTO  \xi\.ei«a\^^  \xv  XX^fe  ^«^» 
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GEOGRAPHY. 

Mississippi  (KTiipies  the  central  position  of  the  States  bordering  on  the  Gulf  of  Me 
with  Alabama  and  Florida  to  the  east  and  Louisiana  and  Texas  to  the  west.  It  1 
total  area  of  46,810  square  miles,  ^-ith  an  extreme  length  from  north  to  south  of  330 


and  a  water  frontage  of  500  miles  on  Mississippi  River. 

The  southern  third  of  the  State  Ls  largely  covered  with  a  fine  growth  of  long-leaf  j 
pine,  which  is  being  rapidly  removed  for  lumber.  There  is  still  much  valuable  hard 
and  short-leaf  pine  in  the  northern  portion  of  the  State.  Besides  the  large  areas  of 
timl*er,  much  land  in  the  State  that  was  in  cultivation  before  the  civil  war  has  sin« 
abandoned  and  now  bears  second-growth  timber  of  a  poorer  quality,  consisting  { 
pally  of  short-leaf  pine. 

TOPOGRAPHY. 

With  the  exception  of  a  very  small  area  in  the  northeast  comer,  the  entire  St 
Mississippi  lies  in  the  Coastal  Plain.  There,  is  a  gentle  slope  southward  and  wes 
from  the  region  of  northern  Mississippi,  where  the  highest  hills  rise  about  700  feet 
aoA  level. 

The  larger  streams,  such  as  the  Tombigbee  on  the  east  and  the  Mississippi  on  the 
have  cut  out  large  valleys  and  have  worn  them  down  almost  to  base-level.  The  si 
streams  have  lH»en  constantly  cutting  back  from  the  lai^r  until  there^are  but  few  undi 
intcrstreain  areas.  The  configuration  of  the  State,  therefore,  has  been  greatly  chi 
so  that  it  can  l)e  separated  into  distinct  topographic  subdivisions. 

The  prevailing  unconsolidat^'d  material  of  the  various  geologic  formations  has  af 
the  topography  of  the  State  but  little.  The  rivers  and  smaller  streams  in  many 
flow  at  right  angles  to  the  strike,  thus  cutting  across  the  changing  strata  of  the  v 
foniiat  ions. 

Tenncaaee  River  hills. — The  foothills  of  the  Appalachian  Plateau  reach  their  : 
western  temiinus  in  the  northea^st  comer  of  Mississippi,  near  Tennessee  River. 
streams  flowing  into  tlie  Tennessee  are  short  and  have  a  steep  gradient.  They  hav 
cut  <leep  channels  into  the  older  CarlMmiferous  rocks,  which  stand  out  as  high  clifl 
form  the  most  picturesque  scenery  of  the  State. 

Tlie  western  side  of  the  Teiuiessee  Kiver  hills  slopes  more  gently  to  the  Tom 
Va]l<'y.     The  elevation  of  the  ridge  Ix'tween  the  Tennessee  and  the  Tombigbee 
feet  or  more.     The  elevation  of  the  river  at  Columbus  is  146  feet  above  sea  level. 
gives  a  total  descent  of  over  450  feel  for  the  waters  of-  the  western  slope  of  the  Ten 
Kiver  hills. 

Tombigbee  Valley  or  Northeast  Prairie. — The  Tennessee  River  hills  and  the  higt 
extending  north  and  south  from  the  town  of  Pontotoc  were  once  continuous  acn 
broad  valic^y  of  the  TonibiglnM*.  Tiiere  is  still  a  line  of  highland  connecting  the  1 
the  northeast  with  th(»  plateau  of  the  central  part  of  the  State,  as  the  following  ele> 
will  show:  luka  is  AVji)  feet  above  siui  \vyv\  and  to  the  south  the  hills  rise  still  ] 
forming  the  divide  between  Tonilngbee  River  and  the  waters  of  the  Tennessee  and  Hi 
The  towns  of  Booneville  and  Hipley  are  situated  near  the  crest  of  the  divide;  tl 
mer  is  ,'xi2  feel,  the  latter  52")  feet,  above  sea  level.  The  broad  valley  of  the  Toml 
commonly  known  as  the  **  black  prairie,'  has  an  elevation  ranging  from  179  feet  at 
to  532  feet  at  Booneville.  The  Tombigbee  Valley-  is,  therefore,  a  broad  spoonn 
trough  with  a  high  rim  on  three  sides. 

North-central  ])lateau.—  T\w  large  area  cwcupying  the  north-central  part  of  the  S 
a  plateau  sloping  gently  westward  and  southward  from  the  divide  between  the  Tom 
basin  on  the  ea.st  and  tin;  Missi.ssippi  and  Pearl  Kiver  basins  on  the  west.  The 
has  been  greatly  dissected  by  streams  which  still  have  deep,  narrow  valleys. 
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Hm  plateau  ends  yeiy  abruptly  along  its  western  l)order,  which  is  distinctly  marked 
by  a  line  of  hills  or  bluffs  extending  from  Memphis,  Tenn.,  to  Vicksburg,  Miss.,  along  the 
eastern  rim  of  the  Yazoo  Delta.  The  bluffs  stand  200  feet  or  more  above  the  low-lyhig 
delta  to  the  west.  The  difference  in  elevation  of  the  Yazoo  D(>lta  and  the  central  plateau 
to  the  east  has  caused  the  streams  in  central  Mississippi  to  cut  the  bottoms  of  their  chan- 
nels more  rapidly  than  they  have  widened  their  valleys. 

The  divide  between  the  waters  of  the  Tombigl)ee  and  Ha  tehee  basins,  which  extends 
westward  from  the  southern  part  of  Tlsliomingo  County  to  Kipley,  continues  unbroken 
with  a  gentle  westward  slope  through  central  Tippah,  northern  Marshall,  and  De  Soto 
counties  almost  to  Missiasippi  River.  The  highest  known  elevation  along  this  divide  is 
near  the  town  of  Holly  Springs,  where  the  Illinois  Central  Railroad  reaches  625  feet 
above  sea  level.  The  elevation  of  Olive  Branch,  in  eastern  De  Soto  County,  is  421  feet, 
and  near  Horn  Lake,  which  is  but  12  miles  from  the  Mississippi,  the  elevation  is  340  feet. 

{Extending  north  and  south,  or  at  right  anglw  to  the  east- west  divide,  is  the  Pontotoc 
divide,  which  separates  the  waters  of  the  Tombigl)ee  basin  from  those  of  the  Mississippi, 
Peari,  Leaf,  and  Chickasawhay  rivers.  Tlie  Mobile,  Jackson  and  Kansas  City  Railroad 
follows  the  ridge  from  Pontotoc  to  Louisville.  H<»re  the  ridge  turns  southeast  and  paase^s 
into  Alabama  at  the  southern  border  of  I^auderdale  County.  This  divide  has  a  general 
elevation  throughout  the  State  of  al>out  ^K)  foet. 

Yazoo  Delia. — The  vast  alluvial  lx)tt^>m  kno^in  as  the  Yazoo  Delta  contains  over  6,000 
square  miles  lying  between  Mississippi  River  and  the  line  of  hills  extending  fnmi  Mejnphis 
tkrou^  Batesville  and  Yazoo  to  Vicksburg.  South  of  Vicksburg  the  Mississippi  has 
a  sharp  wall  on  the  east  bank  and  a  bn)ad  valley  on  the  I»uisiana  side. 

There  is  but  little  relief  over  the  entire  delta  area.  The  larg«^r  streams,  such  as  the 
Yazoo,  Coldwater,  Tallahatchie,  Sunflower,  and  the  Missi.ssippi  <m  the  western  l)oundan'', 
have  built  up  their  banks  by  continual  deposition  so  that  the  highest  elevati<»ns  are  near 
the  rivers,  and  there  are  gentle  slopes  to  the  interstream  areas.  When  the  Mississippi 
overflows  the  delta  the  banks  of  the  larger  streams  are  the  last  to  be  submerged. 

There  is  a  gradual  slope  southward  fn)in  the  Tennes.sce  Iwundary,  at  an  elevation  of  217 
feet,  to  Vicksburg,  which  is  94  feet  alwve  stMi  level.  An  east-west  line  from  (ireenwood 
to  Greenville  shows  very  little  variation  in  the  three  known  elevations.  That  at  Oret>n- 
wood  is  143  feet,  while  the  towns  of  Jjcland  and  (Ireenville  are  each  125  feet  alnne  sea 
level.    This  shows  a  veiy  slight  westward  slo|)e. 

Jackson  prairies. — Between  the  n)Ughly  carved  region  of  the  nortli-c<uitral  plateau 
Mid  the  long-leaf-pine  hills  to  the  south  is  a  Ix^lt  of  countrj'^  known  as  the  Jackson  or  central 
prairies.  Its  extent  coincides  with  the  area  underiain  by  the  Jackson  formation,  which 
is  described  on  page  10. 

The  surface  is  more  rolling  than  that  of  the  regions  to  the  north  and  south.  Iktween 
Pearl  River  southeast  of  Canton  and  the  town  of  \'oshurg  are  large  areas  of  level  prairies 
covering  hundreds  of  square  miles.  The  streams  on  the  north  side  of  tliis  Mi  as  far  east 
M  Newton  flow  north  and  northwest  to  the  Pearl:  tlie  .streams  on  the  south  side  flow^  to 
Strong,  Leaf,  and  Chickasawliay  rivers. 

The  elevation  along  the  crest  of  the  divide  ranges  from  426  feet  at  Vosburg  to  475  feet 
at  Forest.  There  is  a  gentle  .southward  slope  of  le.ss  than  2  feet  jH»r  mile  from  rx)uis\'ille, 
which  is  552  feet  above  sea  hnel,  to  the  Jack.son  prairies.  The  western  third  of  the  Jackson 
prairiea  is  much  lower  than  the  region  to  the  eiLst.  Thi.s  i.s  due  to  the  valleys  of  Pearl 
and  Big  Black  rivers.  These  rivers  opi>osite  Canton  approa<'h  within  16  miles  of  each 
other,  but  the  Big  Black  flows  at  a  much  lower  elevation. 

Lon^-Uaf'jnne  hills. — The  n'gion  from  the  Jackson  prairies  to  the  Gulf  presents  a  diversity 
of  topographic  features.  In  many  particulars  it  is  analr)gou9  to  the  north-central  plateau. 
The  highest  elevations  rise  mon'  than  500  feet  above  sea  level.  The  largest  streams  flow 
m  very  narrow  valleys  and  are  hut  httle  above  sea  level.  The  smaller  streaius  are  short 
and  have  steep  gradients. 
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The  int^Tstreain  areas  west  of  Poarl  River  have  a  maximum  height  of  perhaps  fiOO  IhH 
The  Illinois  Central  Raiboad  from  Beochgrove  to  Magnolia  has  many  points  alN)ve  4^ 
feet  in  elevation,  and  reaches  a  maximum  of  487  feet  5  miles  north  of  Hazlchurst.  Tliii 
high  plateau  extends  westward  to  within  10  to  15  miles  of  Mississippi  River. 

The  regitm  east  of  Pearl  River  is  much  lower  except  a  small  area  south  of  BrandoD.  in 
southern  Rankin  and  Simpson  counties.  Chickasawhay.Leaf,  and  Pascagoula  river»  uc: 
hut  little  ahove  sea  level,  while  the  areas  lietween  have  a  maximum  elevation  uf  oolj 33 
feet. 

GENERAL  GEOLOGY. 

STRATIGRAPirr. 

Though  the  geologic  structure  of  Mississippi  is  very  simple,  the  details  of  the  stw 
raphy  are  hard  to  make  out.  This  is  due  largely  to  the  extent  to  which  tlie  underir* 
rocks  are  covered  hy  the  more  recent  deposits,  such  as  the  alluvium  and  the  "ort>v{ 
sand"  or  Lafayette  formation. 

The  older  rocks  of  the  Stat^  represent^^d  hy  the  Devonian  and  Carboniferous  form  * 
old  sea  floor,  on  which  at  a  much  later  period  the  more  unconsolidated  beds  belongio^ 
the  Cretaceous  were  laid  down.  The  older  nK*ks  underlie  tlie  entire  State,  but  coni«* 
the  surface  only  in  the  northeast  comer  along  Tennessee  River. 

The  newer  rocks  outcrop  south  an<i  west  of  this  older  mass  in  successive,  roughly  par< 
bands.  All  dip  slightly  U)  the  s(}uthwest,  so  that  if  an  obscrN'er  should  start  in  Tislionii 
County  and  travel  through  the  State  either  south  or  west  he  would  find  himself  coDtinu^ 
passing  over  newer  and  newer  series  of  rocks,  until  he  finally  reached  tlie  very  i^ 
alluvial  deposit^s  which  fringe  the  Gulf  and  Mississippi  River.  The  newer  rocks,  overi 
ping  the  «>lder  in  the  northeast ,  cover  them  to  a  greater  and  greater  depth  to  the  v 
and  south.  At  the  town  of  Corinth  the  hard  rocks  were  struck  at  a  depth  of  450  i 
from  the  surface,  hut,  so  far  as  known,  no  wells  west  or  south  of  this  have  entered 
hard  Paleozoic  nK'ks. 

The  Cretaceous  and  Tertiarj'  stMliment.s  were  deposited  in  a  vast  trough  comprising 
present  States  of  Mississippi,  western  Tonn<*sscc  and  Kentucky,  and  southern  lllinol* 
the  east  side;  and  southeiistem  Missouri,  eastern  Arkansas,  Louisiana,  and  southea."<t 
Texas  on  the  west.  To  the  east,  nortli,  Hiid  west  of  the  embayment  was  higher  Iji- 
which  was  wt)ni  down  ])y  enKsion  and  fn>in  wliich  material  was  c^irried  hy  the  strew 
and  dejxxsited  in  tlie  trough-like  emhayinent.  Tluis  we  have  a  series  of  strata  dipping 
the  south  and  west  on  tlie  e»wt  side  of  tlie  embayment  and  to  the  east  and  soutii  on 
west  side.  The  fine  artesian-water  l>asin  in  this  n^gion  is  due  to  the  sandy,  uncon.solid«i 
elianwUer  o(  the  sediments  and  the  gentle  sIojk*  of  the  seu  floor  on  wliich  they  were  dcp«al« 
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The  following  section  shows  the  geologic  groups  which  are  exposed  in  Mississippi  and  the 
elation  of  one  group  to  another,  the  newest  formations  heing  at  the  top  of  the  table  and 
t  be  oldest  at  the  bottom: 

General  geologic  section  of  Mississippi. 


System. 


Series. 


Qua  ternary. 


Tertiary. 


Cretaceous. 


Carboniferous 
Deronian 


/Miocene?. 


Miocene. . . 
Oligoeenc. 


Eocene. 


Formation. 


Recent  alluvium.  Sands,  silts,  and 
loam. 

Yellow  loam.  Surface  loam  or  brick 
clays  of  northwestern  Mississippi. 

Fossiliferous  loess.  Gray  to  buff- 
colored  calcareous  silt,  containing 
land  shells. 

Port  Hudson.  Greenish  to  bluish 
clays,  with  interbedded  sands. 
Calcareous  concretions  in  lowest 
members. 

Lafayette.  Red  to  yellow  sands  and 
iron-stained  pebbles.  Sands  in 
places  containing  large  amount  of 

»    clay. 

Grand  Gulf.  Gray  aluminous  sand- 
stones, interbedded  with  white  to 
gray  plastic  clays  in  northwest; 
darkpr-oolored  clays  containing  lig- 
nilized  wood  and  vegetable  matter 
in  southeast. 

Pascagoula.  Calcareous  sands,  con- 
tainmg  numerous  fossils. 

Vicksburg.  White,  yellow,  and  blue 
crystalline  limestone,  interbedded 
wfth  thin  layers  of  indurated  calca- 
reous clay. 

Jackson.  Gray  calcareous  clays,  lig- 
nitic  clays  with  gray  siliceous 
sands,  and  some  greensknd. 

Lisbon  formation. 
Calcan?ons  clays 
and  gn»en8and8. 

Tallahatta  l.uhr- 
Rtone.  Alumi- 
nous and  qua  ft  z- 
itie  sandstones. 
gn»ensand8.  and 
clay  8t<)nes, 

Wilcox.  Highly  stratifnHi  sands  and 
clavs  of  various  colors,  with  some 
liecis  of  gnH«nsand  marl. 


Claiborne  group . 


Midway  group. 


Porters  Creek.   Gray 
H luminous  clays. 


Water  supply. 


Clayton.  Linn'stone. 
sands,  and  Hays. 

Ripley.  Limestones,  sandstones, 
and  clays. 

Selma  chalk.  White  chalky  linio- 
stonc  and  blue  calcan'ous  clays. 

Kutaw.  Siliceous  .sands  and  clays, 
with  some  gnt-nsand. 

Tuscaloosa.  Variogated  sands  and 
clays. 


Large  supply  of  unwholesome 
water. 


Little  or  no  water. 


Plenty  of  soft  but  unwholesome 
water. 


Good,  wholesome,  soft  water. 
Source  of  shallow  wells  and 
springs  in  north-central  and 
southern  Mississippi. 

Source  of  flowing  and  nonflow- 
ing  wells  and  numerous  min- 
eral springs. 


Probable  source  of  flowing  wells 
along  the  (Julf  coast. 

Little  or  no  water. 


Small  amount  of  highly  mineral- 
ized water. 


Little  or  no  water. 


Plenty  of  water,  which  is  some- 
times  highly  mineralized. 
SounH>  of  deei)  flowing  and 
nonflowing  wells  in  the  central 
and  southern  parts  of  the 
Yazoo  Delta;  also  in  Clarke 
County. 

Large  supplies  of  soft  water. 
Source  of  deep-well  waters  in 
the  northern  an>a  of  the  Yazoo 
Delta.  Water  f n'quently  min- 
eralized. 


Miittle  or  no  water. 


Plenty  of  whole.Momc  water. 
SouVo*'  of  flowing  wells  in 
I'ontotCK-  and  I'nion  counties. 

Occasional 
water. 


springs     of     hard 


{Sandstone,  limestone,  and  clay.s. 
Lim<'stonc  and  ch«'rt 
Siliceous  chert 


Dark  limestone  and  shale 


(Water  plentiful.  Sourct^  of  flow- 
ing and  nonflowing  wells  over 
ISelnia  chalk  an'a.  Water  fre- 
quently impregnated  with 
iron. 

.N'unierona  fresh-water  springs; 
wells  uncertain. 

Little  or  no  water. 
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following  section  shows  the  geologic  groups  which  are  exposed  in  Mississippi  and  the 
1  of  one  group  to  another,  the  newest  formations  being  at  the  top  of  the  table  and 
est  at  the  bottom : 

General  geologic  aection  of  Missiatfippi. 


ary.. 


•i' 


Miocene?. 


Oligoconc . 


Formation. 


Water  supply. 


Recent  alluvium.  Sands,  silts,  and 
loam. 

Yellow  loam.  Surface  loam  or  brick 
clays  of  northwestern  Mississippi. 

Fossiliferous  Iovbb.  Gray  to  buff- 
colored  calcareous  silt,  containing 
land  shells. 

Port  Hudson.  Greenish  to  bluish 
clays,  with  interbedded  sands. 
Calcareous  concretions  in  lowest 
members. 

Lafayette.  Red  to  yellow  sands  and 
iron-Rtainod  pebbles.  Sands  in 
plaof's  containing  large  amount  of 
clay. 

Grand  Gulf.  Gray  aluminous  sand- 
stones, interbedded  with  white  to 
grav  plastic  clays  in  northwest 
da  rice r-<'olo red  clays  containing  lig- 
nitlz4»d  wood  and  vegetable  matter 
in  southeast. 

Miocene Pascagoulii.    Calcareous  sands,  con-  ! 

laining  numerous  fossils.  | 

Vicksburg.    White,  yellow,  and  blue  | 
cr>'8t«lline  limestone.  inti*rl)edd<Hi 
with  thin  layers  of  indurated  calca- 
n-ous  clay. 

Jackson.  (J  ray  calcareous  clays,  lig- 
nitlc  clays  with  gray  siliwous 
sands,  nnd  some  gnM>ns'and. 

Lisbon  formation. 
Calcareous  clays 
an<l  greensands. 

Tallahatla  luihr- 
slone.  Alumi- 
nous and  (|UHrtz- 
itic  sandstones, 
gn-t^nsands,  and 
clay  stones. 


Wilcox.  Highly  stratified  sands  and 
rljiys  of  various  colors,  with  some 
iM'ds  of  gn^nsunci  marl. 


^Eocene. 


Claiborne  group. 


ortersCn«ek.   Gray 
,     ainniinouH  clays. 
v.Mirlway  group. ^,„      ^         _, 

'(lay  ton.  Lunestone, 
sands,  and  clays. 

It  i  p  1  «*  y  .     Limestones,  .sandstones, 
aiui  clays. 

Sclma    chalk.     White    chalky    lime- 
stoiH'  and  blue  calcaH'ous  clays. 

Kiit.iw.    .*^ilic<•ous  sands  and  clays, 
with  som«'  gnn-iisand. 

Tuscaloosa.     Variegated  sands  and 
flavs. 


[SaiKlston*'.  linicston*',  and  clays. 

Liinrstoru'  and  chert 

|sili<^•olls  chiTt , 


Large  supply  of  unwholesome 
water. 


Little  or  no  water. 


Plenty  of  soft  but  unwholesome 
water. 


Good,  wholesome,  soft  water. 
Source  of  shallow  wells  and 
springs  in  north-central  and 
southern  Mississippi. 

Sourc*'  of  flowing  and  nonflow- 
ing  wells  and  numerous  min- 
eral springs. 


Probable  source  of  flowing  wells 

along  the  (rulf  coast. 
Little  or  no  water. 


Small  amount  of  highly  mineral- 
iz«»d  water. 


Little  or  no  water. 


Plenty  of  water,  which  is  some- 
times  highly  mineralized. 
Sourc<>  of  de<>n  flowing  and 
nonflowing  wells  in  the  central 
and  southern  parts  of  the 
Vazoo  DelUi;  also  in  Clarke 
County. 

Large  supplies  of  .soft  water. 
Soun.'*'!  of  deejHwell  waters  in 
the  northern  an'a  of  the  Yazoo 
Deltji.  Wat<»r  frequently  min- 
eralized. 


Little  or  no  water. 


Plenty  of  wholesome  water. 
Source  of  flowing  wells  in 
Pontotoc  and  I'nion  counties. 

Occiusional  springs  of  hard 
water. 

Water  plentiful.  Source  of  flow- 
ing and  nonflowing  wells  over 
Selnia  chalk  an'a.  Water  fre- 
quently impregnated  with 
iron. 

Numerous  fresh-water  springs; 
wells  uiu^Tt4iin. 


Dark  liriH'stone  and  shale Little  or  no  water. 
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The  surfarc  i>f  the  outcropping  Selma  is  a  level  or  rolling  prairie  well  adapted  to  ipictl- 1 
ture.  It  embraces  the  larger  part  of  Noxubee,  western  Lowndes,  eastern  Oktibbebi,tfci  ] 
largtT  part  of  (lay,  western  Monroe,  the  eastern  half  of  Chickasaw,  almost  all  of  Lee,  w« 
Prentiss,  and  <*entral  Alcorn  counties.  The  west  line  of  outcrop  can  be  traced  approii- 1 
matety  through  the  towns  of  Scooba  and  Flat  wood,  and  3  miles  west  of  Starkville  toHottStoo.  | 
From  here  the  line  Iwnds  more  to  the  oast,  through  Troy,  Blue  Springs,  Graham,  and  Antt*  | 
och,  and  2  miles  west  of  Kossuth  to  the  Tennessee  line. 

RIPLEY   FORMATION. 

Above  the  S<'lma  chalk  is  the  uppermost  division  of  the  Cretaceous,  which  has  l)oen called 
the  Uipley  formation,  and  which  is  made  up  of  thn»e  substances.  Dark-blue  marl,  coDtiin- 
ing  abundant  well-preserved  fossils,  occupies  the  upper  j)art ,  and  thinly  liedded  mariy 
clays,  alternating  with  sandy  lime^stone,  the  lower  part.  The  limeston€»s  are  sufficiently 
porous  to  hold  water.  They  come  to  the  surface  along  the  eastern  lx)rder  of  the  Ripley 
outcrop,  and,  with  a  westward  dip  of  the  strata  greater  than  the  slo|x»  of  the  surface, a 
small  artesian  basin  is  formed  along  the  headwaters  of  Tallahatchie  Kiver. 

The  thickm»ss  of  the  formation,  estimated  by  the  width  of  the  outcrop  with  a  westward 
dip  of  15  feet  to  the  mile,  is  at  a  maximum,  280  feet. 

The  change  from  the  rolling  prairie  surface  of  the  Sclma  to  the  steep  hills  of  the  Ripley  b 
very  noticeable.  The  Uipley  formation  occupies  a  much  smaller  area  than  the  Seloia  chalk, 
being  widest  at  the  north  and  wedging  out  entin'ly  in  Chickasaw  County,  at  the  town  of 
Houston.  From  here  south  to  the  Alabama  l>order  the  high  hills  of  the  Ripley  as  found  in 
Tippah,  Union,  and  Pontotoi*  counties  an»  entirely  wanting,  except  in  a  small  area  near  the 
Alabama  border.  It  i.s  well  expost^d  in  Alubatna,  but  wedges  out  in  Kemp<»r  County,  Miss., 
near  the  town  of  Sbutjualak.  From  here  to  Houston  the  level  **  Flatwoods"  of  the  Midway 
border  on  the  prairie  lands  of  the  Selnia  chalk. 

TERTIARY. 
MIDWAY    (JKOrP. 

Clayton  limefidme. — The  lowest  division  of  the  Tertiary  is  represented  in  Mississippi  by  * 
series  of  hsrd  crystalline  limestones,  known  as  the  Clayton  limestone,  and  calcareous  sandy 
marls.  The  limestone  of  this  formation  was  referred  by  llilgard  to  the  Uipley,  but  later 
investigation  by  Harris  and  others  has,  on  paleontologic  evidence,  placed  it  in  theMidwuV- 

The  limestone  has  a  maximum  thickness  of  2()  feet  near  the  town  of  Uipley.  It  is  overlaid* 
by  20  to  'M)  feet  of  reddish  to  yellow  sandy  marl  containing  lime  carl>onate,  and  is  slightly 
fossiliferous.  The  reddish  color  is  due  to  a  large  amount  of  iron  oxide.  The  color  of  iheS^ 
sands  is  very  similar  to  that  of  the  Ljifayette,  which  is  dcscrilnMl  on  page  12. 

The  Clayton  outcrop  forms  a  narnm  strip  of  territory  fitun  2  to  6  miles  wide,  lying  jus^^ 
west  of  the  Uipley  area.  The  line  of  the  Mobile,  Jackson  and  Kan.sasCity  Uailroad  follow^ 
the  outcrop  approximately  from  Middleton,  Tenn.,  to  Houston,  Miss.  P'rom  here  the  out- 
crop turns  in  a  southeasterly  direction  west  of  Starkville  and  Macon  and  passes  into  Alabama 
southeast  of  Sc(M)ba. 

No  doubt  the  sands  of  the  upper  division  arc  water  bearing,  but  .so  far  no  wells  to  the  west 
have  j)enet rated  the  Clayton. 

Porters  ('reek  clay.— In  Tcnness<'e  the  name  Porters  Creek  has  U'en  given  to  the  clayj 
immediately  overlying  the  Clayton  limestone.  The  ealeait'ous  sandy  marl  of  the  uppei 
Clayton  is  overlain  by  7o  to  100  feet  of  gray  nonfossilileious  day,  which  forms  the  well 
known  "Flatwoods"  area,  extending  fiom  Tennessee  into  Alabama.  This  foinmtion  pro 
duces  very  stiff  clay  soils  which  are  little  u.sed  m  the  State  for  agiicultuial  purpost»s.  Uoad: 
through  the  "  Flatwoods"  often  become  impa.ssable  during  the  lamy  .sea.son. 

The  Porters  Creek  outcrop  o<'cupies  a  nariow  stiip  of  count  ly  extending  fiom  Middleton 
Tenn.,  into  the  State  of  Alabama,  and  has  a  width  of  2  to  12  miles.  In  the  north  it  i: 
hemmed  in  U^ween  the  Uipley  hills  on  the  east  and  the  Wilcox  plateau  on  the  west.     Soutl 
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^  Mabnithe  range  of  hills  on  the  euHt  iNirclpr  of  the  Wilcox  fonnation  rises  KX)  fe<a  or  more 
■  •bovethe  Porters  Cn»ek,  and  is  more  diHtinct  than  the  line  l)etw«Mi  the  Porters  Creek  and 
the  Clarton  limestone.  The  western  Iwrder  Is  easily  trareahle  fnmi  4  miles  east  of  Mal)en 
dup  south  through  Oktibbeha  (Vmnty :  here  the  line  turns  in  a  mon>  southeasterly  dinM*tion, 
tvnning  through  Shuqualak  and  Seoolm  into  Atal)anm. 

Iho  Porters  Creek  elay  marks  an  important  horizon  l)etw«»en  the  waters  of  the  Ripley  and 
Wtlrox  horizons.  The  rainfall  entering  the  outempping  sands  of  the  Riptcy  follows  these 
bedj,  whirh  dip  gently  to  the  w<»st.  The  overlying  Porters  Cnvk  clay  pn»vents  the  water 
ffwn  rising,  and  it  is  thus  confined  and  given  pn^ssun*  as  the  n»servoir  iM'conies  full. 

WIU-OX    FORMATION. 

Tlie  important  division  of  the  Tertiary  known  as  the  Wilcox  formation  occupies  a  large 
ttmof  northern  Mississippi.  It  was  originally  named  the  Lignitic  by  Hilgard,  and  Safford, 
Sitff  geolog»t  of  Tennessee*,  termed  it  the  La  Grangi*  group. 

Hit  term  *' Lignitic*'  as  ust^d  by  Ililgard  has  Ihmmi  objcctitmable  Uvause  it  is  not  a  locality 
BUDf.  \s  used  by  SaiTord  the  term  " La  (irange '*  included  the  present  Lafayette  and  por- 
tioM  of  the  Cretaceous,  so  it  lias  likewise  Invn  discarded.  The  pn^sent  name,  Wilcox,  was 
lint  given  in  some  unpublLshcd  work  by  Eugene  A.  Smith,  State  g(H)logist  of  Alabama,  for  the 
«t«n  that  typical  strata  of  t  he  former  Lignitic  of  1  lilgard  an»  expos(>d  at  Wilcox,  Ala.  Tlie 
■UDchas  been  adopted  by  the  United  States  Geological  Survey  as  the  fonnation  name  to 
Brlude  the  complex  mass  of  sands,  clays,  lignites,  marls,  etc.,  Ix^tween  the  Porters  (Yeek 
ckfibebw  and  the  Tallahatta  buhrstone  aUive. 

Owing  to  its  more  or  less  sandy  chara<*ter  throughout,  the  Wilcox  forms  the  most  impor- 
Uot  water  horizon  of  northern  Mississippi.  The  <'oarse-grained,  unconsolidated  sand  lH>ds 
wt  often  interbedded  with  seams  of  lignite  and  white  and  cho<*olate-<*olon'd  clays.  Tlie 
fkysof  the  upper  division,  as  at  Grenada,  are  very  dark  and  may  properly  he  called  shale, 
lathe  pastern  half  of  the  area  loosely  In'dded  sands  pn*dominate.  Tlie  western  {K)rtion, 
*luch  a  a  series  of  irn»gularly  cross-lx'dd4»d  sands  and  sandy  clays,  is  separated  from  the 
««tem  by  a  more  or  less  regular  line  of  white  and  ch<M-olatc»-<-oiored  clays,  which  are  us<»d  for 
BJ^kinjf  stoneware. 

The  thickness  of  the  group  is  estimated  from  the  width  of  the  outcrop  to  U»  750  to  ^<0()  fc»et. 
Tor  deep  well  at  Memphis  is  n'ported  to  have  passed  through  the  Wilcox  at  a  depth  of  963 
M. 

Id  Alabama,  Smith  has  divided  the  "Lignitic,'M  he  eciuivaleni  of  the  Wilcox,  into  six  mem- 
Wft.  EUu-h  contains  one  or  more  marl  U'ds  from  whi<-h  <listinguishing  fossils  an»  obtained. 
**iDcludi»8  in  the  "Lignitic  "  the  Porters  (Veek  riavs,  which  in  Mississippi  an*  mapped  with 
tl>eMkl^-ay. 

TTie  Wik'ox  covers  the  largest  territory  of  any  format  ion  in  nort  hem  Mississippi.  1 1  <h"cu- 
pif^tbe  entire  area  lying  U'twwn  the  Porters  Crei'k  outcrop  and  tbc  bluffs  on  the  eastern 
'DUof  the  Yazoo  Delta  as  far  south  as  (rrenada  Tht*  west  edge  soutii  of  (ircnada  is  a  line 
extending  southeast  6  miles  <>ast  of  Winona,  west  of  Philadelphia,  and  soutbwest  of  Meridian. 

Ilie  entire  Wilcox  group  is  very  imix)rtant  us  a  water-U'aring  fonnation.  The  numerous 
Ms  of  sand  interbedded  with  days  form  various  water  horiz(»ns  thn>ughout  the  fonnation. 
TV  shallow  artesian  wells  at  Rat(>svilie  and  Colfceviiie,  In^gun  U'low  the  yellow  loam  and 
Wayette,  show  that  then*  an»  U'ds  of  clay  in  the  upp<'r  division  of  the  Wilcox  suflicij'ntly 
penbtent  and  compact  to  confine  the  water  Im'Iow  the  clay  and  to  form  artesian  basins  in  the 
Bppcr  Wilcox. 

CLAIHORNE   <}K<)l-p. 

"Hie  Claiborne  is  divisible  on  lithologic  groimds  into  two  distinct  formations.  The  lower 
of  these  is  theTallahattii  buhrstone,  or  "  sili(*cous  CliiilH)rne; "  the  upp<T  includes  the  LisUm 
beds,  or  "  calcareous  ClailM)rnc." 

Tallahatta  buhrtUme. — Tliis  formation,  culled  "silic<H>us  Clailnmie"  by  Ililgard.  consists 
chiefly  of  glauoonitic  coarsi'-grained  nH<'aceous  sandstone,  siliceous  and  aluminous  day 
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stonos,  and  n  wliito  silir(H)us  sandstone  ttiat  is  almost  qiiartzito.     The  estimated  thidttai 

Tlio  fommtion  out<Tf»ps  in  a  U»ll  of  t<*rriton'  )>otwoon  the  Wilrox  and  Lisbon  beds,  and 
varies  in  width  fnmi  10  miles  in  northeastern  Clarke  County  to  30  miles  in  Loake  and Wio- 
ston  eounties.  Th<'  east«'ni  liiu'  of  oiilerop  Is  traeeahle  from  the  Alaliama  line  4  mileBMMith 
of  Hurricane  (*reek  {Mtst-ofliee  to  P^stville;  thenee  it  swings  southwest  nearly  toStfriing, 
south  of  Meiidian;  thenee  it  ))ends  northwest  [>ast  Battlefield,  Philadelphia,  Plattiburg, 
IliuM',  and  French  (amp,  (>  miles  east  of  Winona,  and  w(*st  of  Gn»nada.  No  tmceaf  the 
Tallahatta  has  Iwen  found  north  of  Valoluishu  River. 

For  the  ensttM'ii  part  of  the  delta  and  the  eentral  portion  of  the  State  lying  aouthof  the 
Tnllaliatta  <Mitrn)|>,  this  formation  forms  a  very  important  water  horizon.  The  extfluive 
an*a  undtTlain  liy  the  f(»rination  and  tlie  porous  texture  of  its  materials  make  it  well  hM 
for  al)sorl)in^  a  lar^e  amount  of  rainfall.  Tlie  water-tight  elan's  at  the  base  of  the  OTeriying 
formation  conline  the  water  in  the  Tallahatta  huhrstone. 

PI.  11,/^,  shows  a  hard  cap  nx-k  of  .sandstone  at  the  top  of  the  sect-ion,  with  kxm  rilicMus 
sand  innnediately  underlying  it.  Over  extensive  an^as  in  the  Yazoo  bottom  flowing weOs 
aiv  (»l)tained  when  the  drill  pass(>s  through  the  liard  layer  of  sandstone  and  enters  the  ands 
1m>}ow.  Tlie  ledge  of  sandstone,  which  varies  in  t hiekness  from  12  to  30  inches,  is  yeiy hud, 
in  places  almost  a  (piartzite,  and  often  n^quinvs  several  days*  drilling  to  pass  through  it.        I  • 

Lisbon  jnrmafioh .     .VI>ove  t  he  Tallahat  t  a  is  a  series  of  U>ds  which  Ililgard  called  " eilctr    L 
reouN('lailH)nie"  and  which  will  1m'  termed  the  hisl>on  formation.     Tlie  series  is  about  150    ' 
fiM'l  thick,  and  is  com{)f»sed  of  calcanMuis  sands  and  laminated  and  lignitic  clays.   Ttit    1 
character  of  the  surface  is  litth'  afftH-ted  by  the  LLsIkhi,  which  is  almost  everywhere  over-    1 
lain  by  the  l-4if»yette. 

In  Alabama  the  an*n  underlain  by  this  fonnation  is  very  limited  in  extent,  but  in  Mlvis- 
sippi  it  wiilcns  out  and  (M-cupi<*s  the  territory  frtuu  southeastern  Clarke  to  southern  CsrroU 
Ct»unty,  varying  from  .')  to  'J*)  miles  in  width. 

The  thick  muntic  of  litifnyctte  covering  the  Li.slMin  area  fumishe-s  plenty  of  good  water, 
and  the  water-lH'aring  horizons  of  the  LIsIhui  hav»»  therefon>  not  been  developed. 

JACKSON    FOllMAI'IOX. 

In  .Malmiiin  the  .lackson  and  the  succeeding  formation,  the  Vicksbuiig.  have  l)€«nda*9^ 
together  un<ler  the  name  of  St.  Stevens.  In  MissL-^sippi,  however,  they  can  usually  *^ 
.s4»pM rated  very  n-adily  sind  will  be  treate<l  as  two  distinct  formations. 

The  essential  materials  of  the  Jackson  group  are  gray  ('alcariHHiH  and  lignitic  days  tX^ 
sands.  The  oiiicit)p  «M'cnpies  a  bell  of  country  10  to  IV)  mile.**  wide,  extending  southeiP^ 
and  n<»rtliwest  ucross  tlie  .Stale  from  '^"a/.tH)  to  the  Alabama  line  north  of  WayneaboT"^ 
The  area  is  known  as  the  "central  prairie." 

There  are  no  contirnious  water  hori/on>s  in  the  lower  or  middle  Jackson.  It  is  uaual^^ 
barren  of  watei*.  and  when  found  the  water  is  veiy  itnpotable.  Wells  in  this  region  obtai  '' 
their  wali"r  either  from  the  base  of  the  Lafayette  or  fioin  the  upper  meml>er  of  the  Tallahatta 
buhrstone.     I'lowing  wells  are  obtain«'«l  along  the  lower  streams. 

The  Jackson  has  usually  been  ticscribed  as  "marls"  uiul  clays,  but  rwent  investigation^ 
akmg  the  line  of  conta<t  with  the  \'irk>biug  ha\e  shown  that  there  an*  lH»tw«»en  SO  and  7^ 
feet  of  yellow,  gray,  or  white  siliceous  sand  at  the  toj)  of  the  Jackson.  Whether  from  e^ 
piileontologic  standpoint  this  .should  be  considered  Jackson  or  Vick.sburg  we  arc  unable  \C 
sav.  since  no  fos.sils  have  been  found  in  the  sands.  They  are  regularly  stratified,  showing 
that  they  were  deposited  in  a  (|uici  M'a  with  little  or  no  curreiU.  In  places  near  thesurfaci^ 
till'  sands  are  slightly  cemente<l  with  iron  o.xide,  causing  .some  layers  to  resist  cnwion  mor^ 
than  others. 

ri.  Ill,  -I.  represents  the  highly  stratilied  character  of  the  siliceous  white  to  gray  sand^ 
of  the  upjM'rmt)st  memU'r  <if  the  Jackson  format itm.  The.se  sands,  which  are  very  porous,, 
are  exposed  through  en>sion  over  large  areas  in  Mississippi  and  alisorb  large  amounts  of 
water,  the*  water  table  in  such  ca.si's  very  nt'arly  reaching  the  surface  (Pi.  111,5). 
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is  is  the  only  horizon  of  the  Jackson  which  may  ))econie  of  any  importanco  as  a  water- 
?r.  South  of  its  outcrop  there  are  no  deep  wells  wliich  are  known  to  derive  their 
18  from  this  horizon,  so  that  lis  importance  in  this  respect  is  not  known. 

VICK8BURG    LIMESTX)NE. 

lis  formation,  first  studied  hy  Conrad  at  V'ickshurg,  o<'cupies  a  very  limited  area  south 
le  Jackson.  It  consists  of  crystalline  limestone  in  beds  varying  from  1  inch  to  3  feet 
ickness,  alternating  with  sandy  calcareous  strata  of  marl  of  alx)ut  the  same  thickness, 
e  is  a  marked  difference  in  the  appearan<'e  of  the  difTerc^nt  beds  of  limestone.  Those 
the  surface  are  soft  and  yellow,  while  the  more  ccimpact  beds  unaflected  by  surface 
horing  art*  blue.  The  rapidity  with  wiricli  the  limestone  breaks  down  under  the  action 
gathering  ugf*nts  makes  it  unsuiti^d  for  building  stone  or  road  mut4.Tial.  The  Vicksburg 
DO  importance  as  a  water-bearing  formation. 

pasca(k>i:la  i<x>kmation. 

A.  Smith  has  distinguished  along  Pascugoulu  Kiver  in  Mississippi  a  series  of  calcareous 
<  Uiiring  a  Miocene  fauna  overlying  the  Vicksburg  limestone  and  underlying  the 
mass  of  lignitic  sands  and  clays  of  the  CJrand  Gulf,  lie  has  given  it  the  name  Pasca- 
i  formation.  No  other  out<'n^ps  have  as  yet  l)e(»n  found  in  the  Stat^,  but  deep-well 
igs  along  the  Gulf  coast  have  brought  up  calcartMius  sands  containing  fossils  which 
Johnson  refers  to  the  Pascagoula.  It  was  at  first  thought  that  the  Pascagoula  was 
ger  than  the  Grand  Gulf,  or  doul)tIess  a  fossiliferous  horixon  in  it,  but  more  recent 
itigation  has  shown  that  the  Pascagoula  clearly  underlies  the  Grand  Gulf, 
the  type  locality  of  the  Pas<"agoula  formation,  »w  well  as  at  Mol)ile  and  points  along 
lulf  in  Mississippi,  the  Pascagoula  l)eds  are  overlain  by  Grand  GuK  UhIs;  but  further 
work  will  be  required  l)efore  the  relation  of  the  two  series  (Grand  Gulf  and  Pascagoula) 
hfir  areas  can  be  stated  with  certainty.  Such  later  work  may  re([uire  a  redefinition 
e  term  Grand  Gulf.  Ov^ing  to  the  limited  area  of  out<Top  the  formation  is  not  shown 
le  map.  The  Pascagoula  furnishes  an  inipurtaiit  source  of  fine  artesian  water  along 
oast. 

URAND   (Jri.F   FORMATION. 

e  Grand  Gulf  formation  is  used  in  the  sonnv  in  wliich  it  was  originally  defined  by 
ird.  It  is,  therefore,  not  a  homogeneous  series  of  beds,  but  may  include  formations 
Terent  age.  It  is  certain,  however,  that  (everything  here  in<'luded  in  tin'  Grand  Gulf 
wer  than  the  Vicksburg  limt»stone  and  older  than  the  Lafayette  or  "orange  sand" 
ition. 

e  Grand  Gulf  is  made  up  almost  entirely  of  sandstones  and  clays.  Tlie  sandstones 
sually  but  slightly  cemented  and  are  made  up  of  sharj)  grains  of  silic^i,  with  more  or 
lumina  and  iron  pyrites.     The  color  varies  from  a  pure  white  to  a  rusty  yellow,  the 

resulting  from  the  oxidation  of  the  sulphide  of  iron.  Th<\se  sandstones  are  esp<»cially 
ion  in  the  northwestern  part  of  the  area  underlain  by  the  Grand  Gulf — that  is,  northwest 
ine  drawn  from  Fort  Adams  to  Raleigh.     Southea.st  of  this  line  sandstones  are  very 

Elsewhere  the  formation  consists  of  bluish  to  blark  clays,  shales,  an<l  unconsolidated 
.    The  thickm^ss  of  tlie  (irand  Gulf,  as  ascertaiiie<i  from  dee|>-well  borings,  Ls  75()  to 

Mft. 

.>  Grand  Gulf  underlies  most  of  that  part  of  Mississippi  south  of  a  line  drawn  as  follows: 
ing  at  the  river  a  few  miles  south  of  Vicksburg  it  runs  parallel  to  and  a  mile  or  so 
of  the  ^Vlabama  and  Vicksburg  Railroad,  and  pas.*tes  a  short  distance  north  of  Ray- 
i.  Here  the  boundary  line  bends  rather  abruptly  southeiust,  crossing  the  Illinois 
al  Railroad  between  Terry  and  Hyram.  It  then  turns  northeast  passing  through 
erey  to  Brandon,  at  whi<h  point  it  finally  assumes  a  southeasterly  direction  through 
fl,  Raleigh,  Vosberjr,  and  Waynesboro  into  Alabama.  All  the  State  south  of  this  line  is 
)ied  by  the  Grand  iniU  f^rtuip  (except  the  narrow  belt  ol  Vott  VV\x\iAvi\\  vVvj.n's. -^VvVVl 
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border  the  Gulf  coast  in  Hancock,  Harrison,  and  Jackson  counties  and  are  dnrriM 
on  ptLge  13.) 

The  area  along  the  Mississippi  from  Fort  Adams  nearly  to  Virksburg,  aiid  in  linroiii, 
Copiali,  Hinds,  Simpson,  and  Rankin  counties,  contains  the  only  outcnips  of  the  sandstons. 
In  thetH*  localities  it  alteniates  with  the  bluish-tinted  clan's.  At  Raymond  ind  Star  the 
saudaU)ne8  attain  a  thickness  of  15  feet  and  appear  near  the  summit  of  the  hills,  with 
thinner  strata  ImOow  alternating  with  semiplastic  clays. 

Tlie  sandstones  an*  wanting  south  and  east  of  the  line  mentioned  above,  and  tiie  fonu- 
tion  is  cHstMitially  indurated,  laminated  sands  and  clays  of  various  charactens,  fn>m  tbe 
white  plastic  clays  to  those  containing  lignitized  tree  trunks.  Beds  of  lignite  aivalsoof 
frtHjuent  occum»nce. 

Many  of  the  line  artesian  wells  along  the  Gulf  derive  their  waters  from  the  Grand  GuK 
fonnation.  In  the  n*gion  of  Hatticsbui^  and  Columbia  flowing  wells  are  obtained  from ' 
it4}  lower  division. 

IJVKAYETTE  FORMATION. 

Resting  uncnnfonnably  u{x>n  all  the  underlying  formations  from  the  Grand  Gulf  to  the 
CarlK>nifon)UM  is  a  thin  veneering  of  the  liafayette  formation.  This  is  a  fresli-waterdepodt, 
comp<wed  chiolly  <»f  dark-red  to  light-rt»d,  coarse,  round-grained  sand,  which  in  pbw 
contains  more  or  less  clay  and  water-worn  pebbles.  It  varies  from  a  knife-edge  to  50 feet 
or  more  in  thickm^ss.  The  latter  thickness  is  very  rare,  and  it  is  more  often  found  to  be 
l(»ss  than  10  feet. 

In  Tishomingo  and  Itawamba  counties  the  Lafayette  contains  large  deposits  of  w»Ui^ 
worn  {M>l)l)los,  gravel,  flint,  chert,  and  some  ({uartz,  ext4»nding  in  a  north  and  south  bdt 
5  to  10  miles  wide.  Another  \hA\  of  similar  material  (N*curs  along  the  eastern  edge  of  the 
Ux^sn  formation,  in  the  counties  of  l)e  Soto,  Tate,  Panola,  and  Yalobusha.  The  shape  of 
the  p<»l)l)lcs  is  somewhat  dilfcnMit  in  this  lH»lt — those  of  the  above-mentioned  coantie§ 
iMMiig  worn  into  an  ohlonjj  egg  shape,  while  here  they  have  a  more  rounded  form;  they 
also  contain  more  <]uartz.  Still  another  Ix^lt,  which  is  practically  a  pn>Iongation  of  the 
Wi'stcrn  belt,  is  found  in  the  southern  part  of  the  States  Tlie  main  line  of  the  Illino" 
Centra]  Railroad  runs  along  th<>  outcrop  of  the  gravel  beds  from  Jackson  to  the  Louisim* 
Ijorder. 

The  Lafayette  was  dei)osited  upon  a  deeply  ennled  surface  of  the  older  foraiitions, 
which  accounts  in  i)art  for  the  irregularity  in  its  thickness.     Since  the  deposition  of  the 
Lafayett(^  th»»re  has  been  a  largo  amount  of  enwion,  and  in  many  places  the  whole  fornw 
tion  has  been  removed.     In  the  areas  ni  the  Selma  chalk  and  the  Portere  Creek  formation 
the  Lafayette  is  practically  absent.     Kast  of  the  S(>lma  chalk  area  there  is  more  or  ktfof 
the  Lafayette  covering  the  Kutaw,  Tuscalmtsa,  and  CarlnHiiferous.     In  northern  Miss®" 
sippi,  particularly  in   Marshall   and  Lafayette  <*ounties,  where  the  formation  was  fi^^ 
described  and  named,  the  Lafayette,  wIkmi  present  at  all,  is  (mly  a  few  feet  thick,  but*^ 
many  pla<*es  it  is  wanting.     It  thickens  to  1  hv  south,  reaching  its  maximum  in  southern  M*^ 
sissippi,  where  it  is  said  to  l>e  2(K)  feet  thick.     Nosikh  thickness,  however,  was  ol)ser^•ec^  *^ 
the  course  of  the  present  work. 

In  various  localities  in  the  State  the  iron  in  the  Lafayette  has  cemented  the  Indian  f^ 
sands  and  formed  a  ferruginous  sandstone,  which  is  often  niLstaken  for  pure  limonite  ' 
brown  hematite.  Tliese  deposits  are  uniformly  of  very  shallow  depth,  but  may  exUr^ 
over  (Considerable  areas.  The  ferruginous  sandstone  is  always  formed  immediately  alKi^"* 
a  bed  of  clay  or  some  material  which  checks  the  downward  flow  of  water.  The  waC 
passing  through  tlu»  I-rfifayette  lH»conu»s  saturated  with  iron  oxide,  and,  on  1  km ng  checks 
at  the  base  by  tlie  underlying  clay,  deposits  the  iron,  which  cements  the  sands  into 
compact  mass.  This  ma.ss  is  constantly  incn^ased  by  the  addition  of  more  iron  from  th 
iron-<'harged  waters.  Gradually  the  overlying  material  Ls  worn  away  until  the  ferruginoi 
sandstone  is  reached,  which  resists  the  action  of  erosion  and  often  forms  a  scarp  along  tl^ 
tops  and  sides  of  hills. 
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Where  the  Lafayette  is  thick  enough  it  foniifl  the  source  of  a  very  desirable  and  easily 
aeceasible  supply  of  potable  water.  The  great  amount  of  sand  in  the  formation  forms  a 
iiAtural  filter.  Many  of  the  springs  of  the  State  issue  from  the  base  of  the  Lafayette, 
urbere  it  rests  on  a  bed  of  water-tight  clay,  a  lignite  seam,  or  limestone. 

QUATERHARY. 

PORT  HUDSON   FORMATION. 

The  formation  immediately  above  the  Lafayette  has  been  called  the  Port  Hudson,  from 
Um  typical  exposure  at  Port  Hudson,  Miss.  It  is  composed  of  clays,  silts,  and  unconsol- 
idated sands  containing  old  cypress  stumps  representing  different  general  ions  superimposed 
one  upon  another.  The  thickness  of  the  formation,  as  determined  from  criteria  obtained 
along  the  Gulf,  is  100  to  125  feet. 

The  Port  Hudson  area  occupies  a  narrow  belt  along  the  Mississippi  south  of  Vicksburg, 
the  low-lying  belt  of  country  between  Yazoo  and  Mississippi  rivers  erroneously  called  the 
'*  delta, "  and  a  small  area  bordering  on  the  Gulf  of  Mexico.  There  is  a  possibility  that  the 
ao-called  Port  Hudson  of  the  Yazoo  Delta  belongs  to  a  much  younger  age  than  the  Port 
Hudson  farther  south,  but  for  the  present  it  is  all  mapped  as  one  formation.  The  vast 
body  of  land  called  the  "delta"  is  but  a  few  feet  al>ove  the  common  high-water  mark  of 
MisBisBippi  River,  and  was  overflowed  in  times  of  very  high  water  until  as  late  as  1884. 
Tlie  investigations  of  Hilgard  have  shown  that  the  formation  was  deposited  in  a  fresh- 
water embayment  during  the  slow  depression  of  the  continent  at  the  close  of  Glagial  time, 
and  that  it  was  not  due  to  the  successive  overflows  of  the  old  Mississippi  River. 

As  far  east  as  Union  County,  along  Tallahatchie  River,  old  inhabitants  .say  the  bottom 
land  has  been  elevated  in  their  lifetime  from  2  to  4  foet  by  successive  overflows  of  the 

river,  a  fact  easily  proved  by  noting  the  difference  in  elevation  of  the  surface  on  the  outside 

and  inside  of  hollow  cypress  stumps.    The  gradual  elevation  of  the  bed  of  the  Mississippi 

in  recent  years  and  the  vast  alluvial  deposits  show  that  the  Port  Hudson  formation  may 

possibly  be  of  river  origin. 
Water  in  large  quantities  may  be  obtained  very  near  the  surface  over  the  entire  area  of 

the  Yazoo  Delta  by  simply  driving  down  a  pipe  with  a  strainer  attached  at  the  lower  end. 

The  large  amount  of  vegetable  matter  in  the  Port  Hudson  sediments  causes  a  very  unwhole- 

aome  drinking  water. 

FOS8ILIFEROUS    LOESS. 

East  of  the  Mtssiasippi,  south  of  Vicksburg,  for  a  width  of  12  to  15  miles,  and  bordering 
the  eastern  limit  of  the  Port  Hudson  north  of  this  place,  is  the  loexs  or  ''  BlufT"  formation. 
This  is  made  up  of  a  homogeneous,  silty,  calcareous  loam  containing  a  great  number  of  land 
ahells. 

YELLOW    IX)AM. 

Immediately  overlying  the  loess  and  extending  from  25  to  35  miles  farther  oast  than  the 
typical  loess  is  the  formation  which  Hilgard  has  called  tlio  ''vellow  loam.''  TiiLs  is  an 
Unstratified  mass  of  sandy  clay  or  loam,  entirely  void  of  fossils,  and  of  u  uniform  pale- 
yellow  to  light-brown  color.  East  of  the  calcareous-loess  area  it  forms  a  thin  covering 
Over  the  Lafayette,  when  that  is  present,  and  has  a  maximum  thickness  in  northwestern 
Miasiasippi  of  25  feet.  It  is  also  present  in  the  central  and  southern  parts  of  the  Slate, 
but  is  much  thinner  here  than  farther  north. 

RECENT    ALLl'VIUM. 

The  most  recent  strata  of  the  State,  occurring  along  the  larger  strranis,  particularly 
^Dg  the  Mississippi,  have  been  mapped  with  the  Port  Hudson  formation. 
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UNDERGROUND-WATER  RESOURCES. 

SOriMK  OF  rNl>KK<S ROUND  WATERS. 

In  a  serios  of  sands  and  clays,  su(  h  as  llioso  of  the  Coajjlal  Plain  deposits  of  MisBU»i{ 

the  deposition  of  wlii(  ii  took  plaic  InMioa  h  I  be  salt  waters  of  (he  o<*ean,  the  ground  v»i 

an*  derived  fmni  two  diverse  soiin  es.     The  salt  watei"s  encountered  in  certain  of  thedw 

wells  n>preseiit,  in  all  pnthahili.y,  ocean  waters  whi(h  have  lM.i>n  n*tained  in  the  dept 

since  the  aiTumulai ion  of  the  lat'er  InMieath  the  s<»a,  while  the  fresh  w^aters  encountere 

all  of  the  shallow  and  in  a  large  prop<irtion  of  the  deep  wells  have  l)een  derived  from 

rainfall. 

RAINFALL. 

Mississippi  has  an  average  rainfall,  according  to  the  Weather  Bureau,  of  about  51  m 
the  prei  ipi'ation  varying  fn»Ti  49  iiu  hes  ut  the  northern  edge  of  the  S'a:e  to  54  inch(^ 


FUi.  1.     Kaiiifall  inap  of  custom  Uiutod  StaH's. 

the  coast.     The  greatest  annual  precipitation  recorded  in  the  Stuio  was  101.47  incl 
Bay  Si.  Ix)uis  in  VM),  and  the  least,  21.VA  \ucVws,  u\  Vvw^cvusVi  vw  V^v\.    Cktqbe 
November  are  vumaUy  tlic  dry  est  montUs  ol  t\w  \car. 
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^'ot  only  does  the  rainfall  vary  in  total  amount  from  year  to  year,  but  the  amount  in  a 
given  district  varies  greatly.'  This  fluctuation  is  so  large  that  a  rainfall  map  for  a  given 
year  has  little  value.  Unfortunately  no  map  showing  average  precipitation  in  detail  is 
available,  but  the  general  average  rainfall  for  the  State  and  its  relation  to  adjacent  areas 
IB  shown  in  fig.  1. 

DISPOSAL.  OF  RAINFALIi. 

The  precipitation  is  taken  up  mainly  in  three  ways — (1)  by  evaporation  direciily  from 
the  surface  before  the  rain  is  absorbed,  (2)  by  direct  run-off  of  the  water  into  the  streams 
without  its  being  first  absorbed  by  the  soil,  and  (3)  by  absorption  into  the  ground. 

A  veiy  large  proportion,  probably  40  to  50  per  cent,  of  the  water  absorbed  by  the  ground 
in  Mississippi  is  returned  again  to  the  atmosphere  by  evaporation,  either  directly  from  the 
surface  or  through  the  vegetation  with  which  the  surface  is  covered..  Of  the  remaining 
ground  water  it  is  estimated  that  1  per  cent  or  less  is  permanently  taken  up  in  chemical 
combination  by  the  rocks.  The  rest  joins  the  underground  water  body  occupying  the  pores 
and  crevices  within  the  rocks  and  other  materials.  Where  the  conditions  have  been  such 
that  water  could  penetrate  the  rocks  these  have  long  since  been  filled  to  saturation  up  to 
drainage  level,  so  that  practically  all  the  excess  of  ground  water  not  removed  by  evapora- 
tion finds  its  way  to  the  valleys  and  other  low  spots,  where  it  forms  springs  or  joins  the 
streams  by  general  seepage.  The  amount  thus  returned  to  the  streams  is  a  large  propor- 
tion of  the  total  run-off,  the  immediate  run-off,  or  that  portion  of  the  flow  which  has  never 
been  absorbed  by  the  soil,  being  estimated  at  from  5  per  cent  of  the  rainfall  in  the  case  of 
certain  sandy  districts  to  33  per  cent  in  an  area  where  the  rocks  are  of  several  diverse  types. 
It  is  thought  that  in  the  entire  State  probably  not  more  than  1.5  per  cent  is  removed  by 
the  direct  run-off. 

Detailed  observations  of  the  relation  of  rainfall  to  run-off  have  been  made  in  the  Tom- 
bigbee  and  Yazoo  River  basins.  In  the  former  basin,  north  of  Columbus,  there  was  in  1903 
a  rainfall  of  42.69  inches,  while  the  run-off  was  19.88  inches,  of  which  85  per  cent,  or  16.87 
inches,  is  estimated  to  have  passed  through  the  soil  before  joining  the  streams.  In  a  way 
this  may  be  taken  as  representing  the  surplus  ground  water  for  the  year  of  the  computation. 
Reduced  to  gallons,  this  surplus  amounts  to  about  458,000  gallons  per  acre.  In  the  Yazoo 
basin  the  run-off  was  17.41  out  of  42.68  inches,  the  surplus  computed  in  the  same  manner 
as  above  being  402,300  gallons  per  acre.  When  it  is  remembered  that  a  well  flowing  100 
gallons  a  minute  ranks  as  a  large  well,  and  that  the  surplus  rainfall  of  every  130  acres  would 
furnish  such  a  well,  the  vast  amount  of  available  ground  water,  yielding  approximately 
^  wells  to  each  square  mile,  or  about  234,000  to  the  State,  will  be  better  understood. 

DEPTH  OF  l»ENKTRATION  OF  WATEll. 

Water  penetrates  downward  through  the  pores  of  the  rocks  and  through  cracks,  fissures, 
^nd  other  passages.  Theoretically  it  can  pass  downward  until  the  rock  pressure  becomes 
^o  great  that  there  are  no  openings,  a  condition  which  h  estimated  to  exist  at  a  depth  of 
^bout  6  miles.  As  a  matter  of  fact,  however,  active  circulation  of  ground  water  takes 
^lace  mainly  in  stratified  rocks,  and  then  only  within  a  relatively  short  distance  of  the  sur- 
face, usually  from  1,000  to  2,000  feet.  It  is  commonly  useless  to  expect  unniineralized 
^^atera  at  greater  depths. 
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CAPA(  ITY  OF  >f  ATKRIALS  TO  HOLD  WATER. 

Till*  aiiunint  <»f  whUt  which  can  \h»  hold  by  different  inatoriaLs  varies  grenilv.  Thit 
aliHorlN'd  hy  soni<>  of  tlic  common  rocks  is  shown  in  the  following  statement:  ^ 

AmoutU  ofiixiter  ahuorhed  hy  Home  common  rocks. 

[In  q II Arts  per  cubic  foot.] 

Granitic ilr  i 

LliiMwtoiie  (4l«>nM>) f  U 

Doloniito  (incIiKlliig  puroiiM  liineslnnoH) l-S 

ChHlk 4? 

SandHtone 2-« 

San«l H-IO 

Hay , 10-12 

KiM'ks  have  the  greatest  al)s«rptive  power  when  the  grains  are  of  uniform  siie.  Where 
thciv  is  a  mixtun>  of  fine  and  coarse  grains  much  less  water  is  taken  up.  UDiortuiiately 
the  amount  which  a  given  material  will  yield  does  not  depend  entirely  on  the  amoant 
which  it  contains.  For  iiLstance,  clay,  though  it  has  a  high  porositj,  holds  water  with 
great  tenacity  and  will  yield  hut  little  to  a  well. 

UATK  OF  PKRCOI^ATIOX. 

In  geneml  it  may  Ik>  said  that  the  coarser  the  sand  and  the  smaller  the  amomit  of  rUr 
the  mon*  rapid  the  nitc  of  movement,  hut  this  also  depends  lai^Iy  on  other  facton,iPefa  w 
pressure  and  temiM«ratun'.  With  a  given  material  nearly  twice  as  much  water  will  pWfoUt* 
thnMigh  a  stated  anMi  at  a  pn'ssun^  of  2()  p(»unds  per  square  inch  as  will  pass  through  it  at 
10  i>ounds.  Likewis4>  the  jjtTcolation  is  nearly  twice  as  rapid  with  the  water  at  100^  F.  as 
it  is  at  rA)°  V. 

<JHOrM>-AVATER  IMVISION8. 

Tint  earth's  cnist  may  Ix^  divided  into  three  zones,  acr^rding  to  the  conditioiis  of  indf ^ 
grouiul-watcr  circulation:  {\)  The  unsaturated  zone,  ext^^nding  fmni  the  surfMe  of  the 
ground  down  io  the  upfKT  surt"a<-c  of  tlu^  groimd-water  Inxly,  or  the  "water  taUe,"  M  it  is 
comiMonly  tcrtiicd:  (2)  the  zon<>  of  shallow  or.  as  they  are  frequently  termed,  "Mfffit' 
waters."  (>xtcruling  from  th(>  1(>V(>1  of  tlu^  water  table  down  to  the  first  impenricafl  itntum 
of  i-onsidcrahic  extent:  and  CA)  tlie  zone  of  deep-seated  waters,  or  those  lying  bfllov  th* 
first  itu|MM-vi()us  stnitum.  1'h4>  unsaturated  zone  may  contain  a  considerable  amount  ni 
watiT.  Iiut  it  is  not  stationary.  I>cing  simply  in  tmn.sit  from  the  surface  downward  to  the 
water  tnblc.  or  surfaci'  of  the  zone  of  shallow  waters.  The  zone  of  shallow  wateiB  to  here 
defined  is  a  unit,  l)ut  the  zone  of  deei>-scated  waters  is  not  a  unit,  as  there  are  in  moitcaflrd 
several  suhdi visions.  de|M>nding  on  the  pn^sence  of  impervious  strata  within  the  wODt. 

<iKOTTNl>-AVATKU  TABI.K. 

The  water  tiihle  in  general  shows  a  sitmewhat  close  agreement  with  the  slope  of  the  Wi&f^ 
of  the  land,  tending  to  flatness  under  i)lains  and  to  inequalities,  similar  to  those  of  theau^ 
fare,  in  the  hilly  regions.  The  undulations  of  the  water  table,  however,  are  leas  marked 
than  tlins(>  of  the  larul  surface.  th(>  water  standing  con.siderably  below  the  top  of  the  ground 
at  tliecrestsof  the  iiills  while  it  is  practically  at  stn'am  level  in  the  valleys.  The  depth  of  the 
ground  water  Ik'Iow  the  surface  deix-nds  on  the  rate  of  lateral  percolation  into  the  streams 
as  compared  with  the  rainfall.  In  the  eastern  l-nited  States  the  pennanent  ground-water 
level  is  seldom  at  a  great  depth  Im'Iow  the  surface,  water  being  commonly  obtained  within 
:U)  to  10  feet  of  the  top  of  the  ground  in  lands  of  moderate  elevation,  while  in  valleys  sup- 
pli««s  are  often  olitain(>d  at  depths  of  15  feet  or  less.  In  the  arid  regions,  on  the  other  hand, 
the  ground-water  level  may  Im'  many  hundred  feet  l>elow  the  surface. 


tt  Dfttvi  UvtuVh\\\h\ \>\  ^V.  \i.  VuUo.r. 


U.  I.  WOUOOKAL    «URVffY 


WATFR-auPPLV    PAPER   HO.   1M      PL.   I 


A.     GASOLINE   PUMP  AND    METHOD   OF  ATTACHMENT. 


y;.,  APPARATUS   FOR    PUMPING   BY    HORSEPOWER. 
Pr.ot'.jf.iO'-  Dy  M    L    Fu.n?r. 


ttSCOVSKY    OF"   UNDKtlOROlTND   WATEHS. 
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tions  of  the  ground-water  table  to  the  riurfaco  in  a  region  of  uneven  topography 
in  Gg.  2. 


il  soction  through  valley  and  hills,  showing  the  position  of  the  ground  water  and  the 
ns  of  the  water  table  with  reference  to  the  surface  of  the  ground  and  to  bed  rock.    (After 

RECOVERY  OF  UNDERGROUXD  WATERS. 

vxiters. — The  waters  of  the  shallow  zone  are  recovered  through  springs  or  seepages 
n  or  driven  wells.  The  manner  in  which  the  former  emei^  has  already  been  sug- 
;ie  paragraph  relating  to  the  ground-water  table,  the  water  coming  to  the  surface 
his  table  is  cut  by  a  valley  or  other  depression.  This  natural  process  of  recovery 
'nted  by  open  wells,  which  are  simply  circular  excavations  dug  from  the  surface 
ly  l)elow  the  water  table.  To  the  use  of  this  form  of  well  there  are  many  objec- 
'■  of  which  are  considered  on  pages  74  and  75.  (PI.  VI,  B,  p.  74)  A  better  form 
le  driven  type,  which  is  made  by  fon-ing  a  pipe  with  an  open  end,  or  with  a  per- 
[it,  downw^ard  into  the  ground-water  Iwdy,  by  which  process  the  possibility  of 
Jon  by  the  entrance  of  surface  waters  is  prevented.  (PI.  VI,  vl.)  In  both  types 
e  water  must  bo  rais(*d  by  bucket,  pump,  or  other  mechanical  means.  Two 
pumping  water  which  are  in  common  use  are  shown  in  PI.  IV.  The  use  of  gas- 
s  promises  to  lx»  verj'  su<"cessful  in  localiti<*s  where  windmills  are  not  practicable. 
ted  waters. — ^The  d<'ep-seut<*d  waters  genenilly  occur  in  gently  dipping  porous 
en  more  imper\*ious  .stmta.  In  general  the  water  (?scaj)<'s  at  the  surface  only 
.^  is  a  break  in  the  iiii[M'r\'i(Mjs  covering,  allowing  it  to  come  up  along  fissures  or 
ces.  Springs  and  wells  dept'nding  on  deep-seated  waters  ar(»  more  independent 
.show  relatively  slighter  changes  of  temperature,  are  more  free  fnHii  containina- 
,re  more  stable  in  flow  than  those  from  the  more  shallow  .soun*es.  The  dee[>- 
?ra  are  artificially  brought  to  the  surface  by  means  of  (le(^p  wells.  In  su(rh  wells 
I  generally  under  pressure  and  ris(»s  far  al.K)ve  the  [M)int  at  which  it  is  encountered, 
jes  reaching  to  or  even  considerably  al>ove  the  level  of  the  ground  at  the  well, 
others  it  may  fail  to  reach  the  surface,  and  [)urnpiiig  must  Iw  resorted  to.  In 
paper  the  term  "artesian"  is  used  to  designate  all  wells  in  which  the  water  is 
irial  hydrostatic  pressure  and  will  ris<j  in  the  well  wh(;n  the  iniiKTvious  capping 
;d. 

ARTESIAN  HKQUISITKS. 

f  artesian  requisites  are  an  inclined  pervious  l)<'<i  lying  b<.»tween  two  imi)er\'ious 
aving  its  outcrop  at  a  height  greater  than  the  surface  at  the  well,  an  outcrop 
)  alisorption,  a  rainfall  siiiricicnt  to  funiish  the  necessary  suppK',  and  the  al)sence 
?  leakage.  I'ntil  recently  these  conditions  have,  in  fact,  Ikhmi  regarded  by  every 
ntial,  but  it  has  lately  Ix'cn  shown  that  flows  can  Ik»  obtained  even  in  uniform 
arrangement  of  the  <riains  in  horizontal  laminir,  due  to  stratifi(*ation,  so  opposes 
'  of  the  wat<T  tluit  it  can  rise  ihrough  the  well  with  much  greater  ea.se  than 
'  .sand  its<'ll.  In  fact,  it  s<'ems  likely  that  a  (iilleren<'e  in  the  level  of  the  water 
sely  adjacent  regions  sudieient  to  furnish  a  working  liead  is  the  only  essential 


18 


UNDERGROUND-WATER   RESOURCES    OF    MISSISSIPPI. 


rp<]ul<)it4>  of  an  aitosian  flow.a    Four  of  the  most  common  types  of  artesian  conditioi 
illustratt'd  in  the  accompanying  diagrams  (figs.  3,  4,  5,  6). 


Fio.  3.— Section  showing  certain  conditions  governing  urtcsian  wells.  A,  a  porous  stratum 
impervious  beds  below  and  above  A,  acting  as  confining  strata;  F,  height  of  wat«r  levelin 
\>ei\  A,  or,  in  other  words,  height  of  reservoir  or  fountain  head:  D,  E,  flowing  wells  sp 
from  the  porous  water-filled  bed  A.    (After  Chamberiin.) 


FiQ.  4.— Section  illustrating  thinning  out  of  porous  WHter-boaring  bed  A,  inclosed  betwem 
vious  beds  B,  C,  thus  furnishing  conditions  for  artesian  well  D.    (After  Chamberiin  ) 


Fig.  5.— Section  showing  transition  from  porous  to  imperv'ious  betl.    A,  a  close- textu red. imp< 
bed,  inclosed  between  impervious  beds  B  and  C,  furnishing  conditions  for  an  artesian  well  D. 
Chamberiin.) 


FlQ.  G.— Section  showing contlitions  favoruMe  to  flows  from  unronfine<l  sandy  strata.     (After  1 

SPKCIAI^  (OXDITIONS   IX  C'OASTAI^  PI^.VIX   FORMATIONS. 

In  early  treatises  on  nrtesijin  coiulitions  it  was  argued  that  flowing  wells  could  be  ob 
only  in  low  regions  with  higher  land  on  either  side — that  is,  the  artesian  well  mi 
lo<'uted  in  a  synelinul  basin.  But  sueh  is  not  the  condition  in  the  Atlantic  and  the  soi 
portion  of  the  Gulf  Coastal  plains. 


Fig.  T.— S^Tllon  showing  conditions  govornmg  artesian  and  Howiiip  wpUs  in  the  Costal  Plain 
tioiis.  A.  surface  sands— clays  and  siiiids;  IJ.  itniM^rvioiis  stratum  of  clay.  C.  wiiter-t)euring 
I),ini{M«rvi(»usslratiinu)(clay:  K.  I'ro-Coastal  Plain  <l(>|)ositsof  linirstone and  sandstone,  \', 
common  wells;  IT,  flowing  well:  C'.  spring 

The  great  series  of  unconsolidated  .sediments  Ix'longing  to  the  Gulf  Coastal  Plain 
deposited  upon  a  sea  floor  of  older  Kwks  sloping  g<'ntly  .seaward  from  tlu»ir  present  oi 
along  the  fcMithills  of  the  .southern  Appalachian  plateati.  The  Coastal  I*lain  sedii 
are  thickest  at  the  Gulf  coast,  where  they  reach  a  thickness  of  m(»re  than  2,(XX)  feet. 
iMH'ome  thinner  and  thinner  to  the  north,  finally  disnp|M'aring  at  the  outcrop  of  the 
rocks. 


a  Fuller,  M .  L.,  Artesian  flows  frtm»  unconflncd  sandy  strata:   Kngineorinp  News,  vol.  .'')2,  pp.  3 


ARTESIAK   RKQVISITES. 
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The  sand  and  clay  sediments  of  Mississippi  were  deposited  in  comparatively  shallow 
water  near  the  old  shore.  In  these  deposits  the  fine  supply  of  artesian  and  deep-well 
WAteiB  are  stored.  It  frequently  happens  in  this  Stato  that  the  sediments  which  arc 
liter-bearing  in  one  locality  change  in  character  in  a  very  short  distance  and  become 
lapemous  to  water.  We  shall  present  only  five  conditions,  which  will  serve  to  illustrate 
Ifce  character  of  the  sediments  and  the  possibilities  of  getting  water  in  the  State. 

In  fig.  7,  £  represents  the  older  rocks  on  which  the  Coastal  Plain  deposits  D,  C,  B,  A 
were  laid  down.  C  is  a  water-bearing  sand  incased  between  two  impervious  strata,  D  and  B, 
which  prevent  the  water  from  leaking  out  and  keep  it  under  hydrostatic  pressure.  The 
•tratum  C  cuts  out  before  reaching  A',  on  the  extreme  right  side  of  the  figure;  here  there 
■  a  water-bearing  sand  at  the  surface,  but  it  will  not  furnish  artesian  water  because  of 
tht  hek  of  an  upper  confining  stratum.  A',  B',  D',  and  E'  are  wells.  There  is  no  flow  at  A' 
beeatise  the  artesian  bed  C  fails  to  reach  it.  B'  enters  the  artesian  bed  C  and  the  water 
flows  above  the  surface.  C  is  a  spring.  The  well  at  D'  is  a  strong  stream  of  good  water, 
but  does  not  flow  because  of  lack  of  depth.  The  well  at  E'  enters  the  artesian  sand  and 
the  water  rises  to  within  a  few  feet  of  the  surface,  but  does  not  flow  because  the  elevation 
of  the  mouth  of  the  well  is  above  the  head  of  the  water. 


UXDERGROirXD-WATER  HORIZONS  OF  MTSSISSTPPT. 

The  Gulf  embayment  includes  western  Florida  and  Georgia,  southern  Alabama,  all  of 
Mississippi,  western  Tennessee  and  Kentucky,  southern  Illinois,  southeastern  Missouri, 
eastern  Arkansas,  Louisiana,  and  southeastern  Texas.    Within  this  vast  basin  there  are 


fto-8.— Cpom  section  from  Alabama  to  Mississippi  Rivor,  In  latHudo  of  Tupelo.  J,  Port  Hudson; 
lloesg;  II,  Wilcox;  O,  Porters  Creok:  F,Clayton:  E,  Riploy;  D,  Selma;  C,  Eiitaw:  11,  Tuscaloosa; 
A,  Paleozoic. 

»veral  distinct  artesian-water  horizons.  With  the  exception  of  a  small  area  of  north- 
western Alabama  the  gathering  ground  of  the  (lilForent  wator-U'ariiig  horizons  of  Mississippi 
lies  entirely  within  the  vState. 


Horizontal  scale 


Fio.  9.— Cross  section  from  West  Point  to  r.rpenville     J,  river  alluvium:  I,  Port  TTudson;  TT,  loess; 
0,  Tallabatta;  F,  Wilcox:  E,  Midway;  L>,  Selmu;  r,  Kulaw;  B,  Tuscaloosa:  A.  Paleozoic. 

In  the  cross  sections  of  the  State  (fipi.  8, 9, 10,  and  11)  an  effort  has  Wen  made  to  show 
the  relations  of  water-hK'aring  to  non  wai  or-lx'aring  horizoiw.  These  have  In'on  prepared  from 
a  study  of  the  well  records  and  tlic  surface  outcrops  of  t\\o  dWXexe.wV.  ^<&c\q^\i,  \vk\vc\aNAQ>\s&. 
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There  are  seven  distinct  artesian-water  horizons  in  Mississippi.  Beginning  with  the 
lowest  member  of  the  Cretaceous  we  shall  treat  them  as  follows:  (1)  Tuscaloosa-Eutaw, 
(2)  Ripley,  (3)  Wilcox,  (4)  Clailwrne,  (5)  Pascagoula,  (6)  Grand  Gulf,  (7)  Lafayette. 

TU8GAL008A-EUTAW  HORIZOV. 

The  upper  division  of  the  Tuscaloosa  and  all  of  the  Eutaw  formation  constitute  one 
artesian-water  horizon.  The  lower  division  of  the  Tuscaloosa  consists  of  heavy-bedded, 
compact  clays  of  various  colore.  These  clays  form  the  lower  confining  beds  of  the  Tusca- 
loosa-Eutaw  horizon.  The  "blue  rock"  of  the  lower  Selma  forms  the  upper  confining 
beds.  Betwe€»n  these  two  water-tight  beds  are  1,0()0  to  1,200  feet  of  cross-bedded  sands 
and  gravel,  interl)edded  with  more  or  less  irregular  strata  of  sandy  clays  and  occasioDal 
beds  of  lignite. 


Horiiqntal  seal* 


^'W 


r* 


FiQ.  10.— Section  from  Oattman  to  Fort  Adams.  L,  loess;  K,  Grand  Gulf  (sandstone  and  cUvV. 
J,  Vicksburg  (limestone):  I.Jackson  (clays  and  marls);  H,  Claiborne;  G,Tallahatta  (sandstonej; 
F,  Wilcox  (sands  and  clays);  R.Midway  ( Kmes  tone  and  clajrs);  D,  Selma  (limestone);  C,  Eutaw 
(sands  and  clays);  li,  Tuscaloosa  (sand.s  and  clays);  .V.  Paleozoic  (limestone,  etc.). 

If  the  numerous  l)ed8  of  clay  were  continuous  throughout  the  formations  they  would 
divide  the  group  into  separate  water  horizons,  and  no  doubt  some  of  the  U^ds  do  extend 
over  large  are»i.s  and  IcH-ally  alTect  the  height  of  the  water  horizons.  Where  these  foraw- 
tions  have  U'cii  most  carefully  studied  at  the  surface  it  has  l)een  impossible  to  trace  any 
definite  horizon  of  sand  or  clay  for  a  great  (listan<"e.  Along  some  of  the  river  bluffs,  when' 
g(X)d  exposun»s  are  obtained,  the  material  often  changes  within  a  hundred  feet  from  a 


H»r>ion1»l   %c«l« 


?»  nr>il«* 


•oo*f««t 


Fkj.  11.  North-south  cross  »»ctlon  from  Scranton  to  Tennessee  River  L,  Qualemar>'  (silu); 
K,  (Jraml  (liilf:  J.  Vickslmr^?;  I,  Jackson:  II.  Claiborne:  (i.Tallahatta:  F.  Wilcox:  E.Sncarnoch*'' 
I).  Selma:  (',  Kiitiiw;  B,  Tusealoosa:  \,  PaU'ozoie. 

laminated  clay  to  cr(»ss-lH*dded  sands.  Because  of  the  changeable  character  of  thes^ 
formations  we  have  considered  the  Tuscahnwa  and  Eutaw  as  forming  one  artesian-wate^ 
horizon. 

Catchment  arm. — The  outcrop  of  the  sands  receiving  waters  of  the  Tuscalooea-Eutan^ 
hori/jm  covcfs  alM)ut  2,(KX)  square  miU»s.  including  practically  ail  of  Tishomingo  an<^ 
JtHwamlm  counti(^s,  the  eastern  porlums  ol  Xkonx,  VTvv\\;vaa,'S\<Awtv»,,«tud  Lowndes  counties^^ 
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ySsB.,  and  Pickens,  Lamar,  and  portions  of  Marion  and  Franklin  counties,  Ala.  The 
region  where  the  water-bearing  sands  come  to  the  surface  is  largely  in  the  hilly  districts 
east  of  Tomhigbee  River.  In  the  southern  portion  of  the  catchment  area  the  elevation  is 
sufficiently  high  to  force  the  water  to  the  surface  over  a  large  area  lying  to  the  we^t.  The 
catchment  area  from  southern  Tishomingo  County  to  f  ennessec  is  but  little  above  the  ter- 
ritory lying  west  and  the  result  is  that  it  is  impossible  to  get  strong  flowing  wells  north  of 
Baldwyn .  However,  plenty  of  good  water  is  obtained  near  the  surface  and  there  are  flowing 
^b  along  the  \awer  streams  to  the  east. 

Upper  confining  stratum. — In  an  artesian  basin  it  is  necessary  to  have  at  least  a  confining 
atratum  of  relatively  impervious  material  above  the  water-bearing  sands.  If  there  is 
iKit  a  confining  bed  below  these  sands  the  water  will  fill  them  and  the  underlying  porous 
nick  until  a  point  is  reached  where  the  rocks  are  nonporous. 

The  overlying  Selma  chalk  contains  in  its  lower  part  a  large  amount  of  compact  clay, 
vhich  forms  an  impervious  layer  and  prevents  the  water  in  the  Tuscaloosa-Eutaw  from 
escaping  upward.  There  are  areas,  however,  in  the  western  region  of  the  Eutaw  where 
it  is  possible  to  get  artesian  wells.  In  these  areas  there  is  in  the  upper  part  of  the  Eutaw 
formation  a  bed  of  clay  which  is  suflBciently  thick  to  confine  the  water  below.  Farther 
irest  the  water  is  under  greater  pressure  and  the  Eutaw  clay  bed  perhaps  loses  its  compact 
character,  so  that  the  water  rises  to  the  base  of  the  Selma  chalk  and  overflows  the  surface 
wherever  the  Selma  is  penetrated. 

Inc^nation  of  the  heda. — The  dip  of  the  strata  in  the  Tuscaloosa-Eutaw  horizon  varies 
from  a  westward  dip  of  about  15  feet  to  the  mile  in  the  north  to  a  south-southwest  dip  of 
35  to  40  feet  to  the  mile  in  the  south.  With  such  a  steep  dip  the  water-bearing  sands 
soon  pass  Ix^neath  the  overlying  strata,  and  the  greater  the  distance  from  the  outcrop  the 
more  difficult  and  expensive  it  becomes  to  reach  the  artesian  waters. 

Area  of  axxiiUMe  artesian  water. — The  westernmost  location  getting  its  water  from  the 
Tuscaloosa-Eutaw  horizon  is  Starkville.  The  deepest  well  here  is  1,000  feet,  and  the  water 
risefi  to  within  1.54  feet  of  the  surface.  Starkville  is  near  the  west  outcrop  of  the  Selma 
formation,  in  which  it  is  impossible  to  got  good  water;  but  fortunately,  it  can  be  obtained 
over  the  entire  area  by  drilling  through  the  Selma  into  ihe  Tuscaloosa-Eutaw.  It  must 
not  be  expected,  however,  that  flowing  wells  can  l)e  obtained  over  the  entire  area.  They 
are  limited  to  the  eastern  half  of  the  Selma  prairie,  extending  fmm  about  the  northern 
boundary  of  Lee  County  south  to  Noxul)ee  County. 

Tliere  are  often  erroneous  ideas  among  well  drillers  and  those  unacquainted  with  the  laws 
governing  underground  waters.  One  of  the  commonest  is  that,  by  going  deep  enough, 
flowing  welLs  can  l>e  obtained  anywhere.  The  Tu.scal()oaa-Eutaw  is  the  lowest  known 
iHrater  horizon  in  Mississippi,  and  it  would  !)<>  impossible  to  get  flowing  wells  from  this 
horizon  west  of  the  Selma  prairie  region.  There  are  no  doubt  places  west  of  the  prairie 
region  where  the  surfa<'e  Ls  lower  than  the  head  of  this  water  horizon.  The  question  may 
be  asked.  "Why  can  not  flowing  wells  be  obtained  west  of  the  Selma  under  such  condi- 
tions?" But  allowance  must  l>e  made  in  this,  as  in  all  other  horizons  in  the  State,  for 
the  friction  the  water  encounters  in  pa.ssing  through  the  |>orous  medium.  The  possibility 
of  getting  flowing  wells  decrea.ses  as  the  distance  from  the  head  increa-ses.  .\nother  ol>stacle 
is  the  great  depth  of  the  water  Ih»Iow  the  surface.  If  the  surface  dip  of  .'^)  feet  to  the 
mile  continues  to  the  west,  at  a  di.stance  of  100  miles  from  the  head  of  the  water  it  would 
require  a  well  3,000  feet  deep  to  reach  the  water  horizon. 

RIPLEY  HORIZON. 

In  going  westward  from  the  Tuscaloosa-Eutaw  outcrop,  or  upward  in  the  geologic 
column,  the  next  artesian-water  horizon  encountered  is  a  small  area  receiving  its  water 
from  the  Ripley  formation.  Tlu^  entire  area  of  this  formation  occupies  approximately  fiOO 
sr^uarc  miles,  mcluding  a  small  jx>rtion  of  Chi<*ka.saw,  Pontotoc,  Union,  Tippah,  and  Alcorn 
counties.  It  includes  a  long  triangular  l>elt  having  a  maximum  width  of  18  miles  in  Tippah 
County  and  forming  an  apex  near  llousttm. 
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Catchment  area. — The  water  of  the  Ripley  occurs  in  the  lower  portion  of  the  formttkn, 
which  is  made  up  of  alternating  strata  of  limestone,  marl,  and  sand.  The  water-betring 
strata  cx)me  to  the  surface  in  the  hills  near  the  eastern  border  of  the  Ripley  oulcrop-thit 
is.  along  the  western  slope  of  the  Pontotoc  divide.  The  country  slopes  westward  and  ii 
drained  by  Tallahatchie  River  and  its  tributaries. 

Upper  confining  stratum. — The  alternating  beds  of  sandstone,  clay,  and  limestone  of  the  ' 
Ripiey  arc  overlain  by  the  heavy-bedded,  compact  clay  of  the  Porters  Creek  formatioo. 
This  clay  is  impervious,  and  confmes  the  water  in  the  Ripley. 

Dip  of  the  water-hearing  stratum. — No  accurate  measurements  have  been  made  of  the  dip 
of  the  Ripley  sands.  There  is  but  one  line  of  wells  which  get  their  supply  of  water  from 
the  Ripley,  and  these  wells  are  about  parallel  to  the  strike  of  the  strata.  Farther  wot  the 
Wilcox  has  l)een  found  to  have  a  westward  dip  of  about  16  feet  per  mile,  and  the  Sefam 
chalk  to  the  east  has  a  westward  dip  of  10  to  15  feet  per  mile,  so  that  we  can  assume  that 
the  inclination  of  the  Ripley  is  about  12  to  15  feet  per  mile. 

Area  of  avaUahle  artesian  water. — Flowing  wells  have  been  obtained  from  the  Ripley 
horizon  only  along  upper  Tallahatchie  River  and  some  of  its  upper  tributaries.  A  large 
number  of  wells  have  been  drilled  in  the  vicinity  of  New  Albany  and  Ecru.  Wh^  the 
first  ones  were  drilled  at  New  Albany,  the  water  rose  20  to  30  feet  above  the  surface,  but 
the  increasing  number  of  wells  soon  lowered  the  head,  and  they  now  have  to  be  pumped. 

The  writer  observed  for  six  hours  the  pumping  of  a  new  well  at  E3cru.  The  depth  was 
93  feet,  and  the  water,  when  the  well  was  completed,  barely  rose  to  the  surface,  as  it  does 
in  the  other  wells  in  the  town.  After  six  hours'  pumping  with  a  Cook  pump  drawing  120 
to  130  gallons  a  minute,  the  other  wells  in  town  were  lowered  3  feet.  This  indicates  that 
they  all  derive  their  water  from  the  same  source  and  that  the  supply  is  limited. 

Efforts  have  l)cen  made  to  get  flowing  wells  at  Pontotoc  and  other  places  south  to  Hous- 
ton, also  at  places  north  of  New  Albany,  but  without  success.  The  reason  is  not  far  to 
seek.  The  elevations  of  EJcru  and  New  Albany  are  374  and  381  feet,  respectively.  At  these 
places  the  water  barely  roaches  the  surface,  which  indicates  that  the  head  is  but  little 
above  these  elevations.  From  Cherry  Creek  to  Pontotoc  the  elevation  rises  from  375  to 
478  feet.  Pontotoc  is  located  on  the  crest  of  Pontotoc  divide,  and  there  is  no  higher  land 
to  the  east  to  supply  artesian  water;  it  is  therefore  impossible  to  get  flowing  wells  at  that 
place.  From  Now  Albany  to  Ripley  the  elevation  rises  from  381  to  525  feet,  thus  getting 
al)ove  the  water  head  to  the  east.  The  only  place  where  flowing  wells  from  this  horiion 
can  l)e  expected  is  down  Tallahatchie  River,  and  perhaps  along  the  headwaters  of  Tippah 
Crec»k  in  western  Tippah  and  eastern  Benton  counties,  and  in  northeastern  Calhoun  County, 
along  Shooner  River. 

WILCOX  HORIZON. 

The  extensive  outcrop  of  the  Wilcox  formation  covers  8,000  square  miles,  including 
approximately  the  counties  of  Benton,  Ijafayctte,  Yalobusha,  Calhoun,  Webster,  Choctaw, 
and  Winston,  and  the  larger  portions  of  Kcmi)er  and  fjaudcrdale  counties.  Only  the  lower 
division  of  the  formation  is  included  in  the  watcr-lH'aring  horizon. 

Catchmeni  area. — The  porous  sands  and  sandy  clnys  which  come  to  the  surface  in  the 
eastern  half  of  the  area  and  lie  l)etween  the  water-tight  l)eds  of  the  Porters  Creek  and  the 
Ix'lt  of  days  used  for  stoneware*  at  Holly  Springs  and  Oxford  make  up  the  Wilcox  artesian- 
water  horizon.  The  catchment  area  is  largely  covered  by  the  Lafayette  sands,  which  offer 
but  little  obstruction  to  the  absorption  of  the  rainfall,  and  a  large  amount  sinks  quickly 
into  the  underlying  strata. 

Upper  confining  utratnm. — The  stoneware  clays  of  Holly  Springs  and  Oxford,  which  form 
a  narrow  lK»lt  of  country  about  the  middle  of  the  formation,  extending  from  the  Tennessee 
line  south  in  a  semicircular  direction  into  Alabama,  form  the  upper  confining  .stratum  ol 
this  horizon.  These  clays  change  from  a  white  or  gray  color  in  the  north  to  a  chocolate- 
brown  in  the  central  and  southern  areas. 
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Dip  of  the  waier-beariju/  strata. — An  east-west  line  of  wells  extending  from  Oxford  to 
telm  gives  the  following  data  for  determining  the  dip  of  the  strata,  if  it  is  assumed  that 
le  water  comes  from  the  same  source: 

The  elevation  of  the  ^e]\  at  Oxford  is  about  450  feet.  Water  was  obtained  here  at  a 
Rpth  of  100  feet,  or  350  feet  above  sea  level.  In  the  Batesvillo  well,  water  was  struck  at 
^  feet,  or  51  feet  above  sea  level.  This  gives  a  difTerence  of  401  feet  in  the  elevations 
f  the  water  horizon.  The  distance  between  Oxford  and  Bates ville  is  24  miles.  By  divid- 
ig  401  by  25  we  obtain  the  dip  of  the  strata,  which  is  over  16  feet  to  the  mile.  Similar 
ilculations  lietwcen  Batcsvillc  and  Bclcn  give  a  dip  of  17  feet  to  the  mile,  and  between 
latesville  and  Riverside  a  dip  of  18  feet  to  the  mile.  We  can  therefore  assume  a  westward 
ip  m  this  region  of  16  or  17  feet  to  the  mile. 

There  are  but  few  data  for  determining  the  dip  to  the  south  in  the  southern  part  of  the 
)ra[iation.  However,  we  know  from  the  underlying  and  overlying  strata  that  the  dip  is  much 
ireater  to  the  south  than  to  the  west. 

Attn  of  aixiUable  artesian  loater. — ^The  area  underlain  by  the  Wilcox  sands  and  sandy 
kys  includes  the  entire  State  west  and  south  of  their  outcrop;  but  the  inclination  of  the 
mis  soon  curries  the  water-bearing  strata  below  the  reach  of  the  drillers.  Two  causes 
iend  to  make  flowing  wells  more  easily  obtained  west  of  the  source  than  south:  (1)  The 
nore  gentle  westward  dip  keeps  the  water  nearer  the  surface,  while  the  dip  to  the  south 
won  carries  the  water  horizon  Ix^yond  reach;  (2)  the  elevation  of  the  surface  lying  west 
decreases  and  reaches  a  lower  level  than  that  to  the  south. 

The  flowing  wells  in  the  Yazoo  Delta  north  of  Leflore  County  obtain  their  water  from 
the  Wilcox.  South  of  this  area  water  is  found  in  a  different  horizon.  In  the  western  and 
southern  portions  of  the  delta  the  distance  from  the  source  has  become  so  great  that  the 
water  fails  to  reach  the  surface  on  account  of  the  friction  it  encounters  in  passing  through 
the  sands.  There  is  but  a  small  area  outside  of  the  northern  part  of  the  delta  where  flow- 
ing wells  are  obtained  from  the  Wilcox  horizon.  Those  at  Water  Valley  and  Coffeeville, 
many  in  Lauderdale,  and  a  few  in  southeastern  Newton, and  perhaps  in  northern  Clarke 
County,  get  their  waters  from  the  Wilcox. 

CLAIBORNE  HORIZOK. 

We  have  considered  the  white  and  chocolate-colored  stoneware  clays  near  the  middle  of 
the  Wilcox  formation  as  the  division  between  the  Wilcox  and  Claiborne  water  honzons. 
Fhey  form  the  upper  confining  beds  of  the  Wilcox  and  the  lower  confining  beds  of  the 
!)Iaiborne.  If  there  were  a  water-tight  bed  at  the  top  of  the  Wilcox,  there  would  be  two 
rater  horizons  belonging  entirely  to  this  formation;  but,  since  this  upper  impervious  bed 
!  wanting,  we  should  consider  the  sands  and  sandy  days  above  the  stoneware  clays  as  a 
art  of  the  Claiborne  formation. 

Catchment  arm.— Besides  the  area  of  the  upper  Wilcox  the  catchment  area  of  the  Clai- 
ome  includes  a  belt  from  12  to  40  miles  wide  extending  from  Grenada  County  south- 
lutheast  through  Carroll,  Attala,  Leake,  southwestern  Neshoba,  Newton,  Lauderdale,  and 
larke  counties.  The  bell  is  narrowest  near  the  Alabama  line  and  widest  in  Leake  County, 
he  outcrop  of  the  strata  of  the  Claiborne  horizon  includes  l)eds  of  unconsolidated  mica- 
ous  sands,  sandy  clays,  and  more  or  less  coarse-grained  micaceous  sandstone.     There  is 

the  Tallahatta  buhrstone  at  least  one  horizon  of  very  compact  quartzose  sandstone.     All 

the  Tallahatta,  with  the  possible  exception  of  the  quartzose  sandstone,  is  ca[)able  of 
>ldiDg  a  large  amount  of  water  in  saturation.  Over  much  of  the  area  the  Lafayette 
•vers  the  surface.  Along  many  of  the  streams  and  hillsides  the  Lafayette  has  been 
moved  by  erosion  and  the  porous  sands  and  sandstones  of  the  underlying  formations  are 
;po6ed.  Besides  the  direct  absorption  of  the  rainfall  into  the  porous  strata  there  are  a 
imber  of  streams  which  lose  a  large  amount  of  their  waters  in  passing  over  the  inclined 
Iges  of  these  strata.  The  water  sinks  (juickly  into  the  open-textured  sands,  and  many  of 
e  smaller  streams  flow  hut  a  short  time  after  even  a  hard  rainstonu,    Tlusva  5j«».tl\v\w\»xV^ 
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true  along  the  upper  coureeH,  where  the  strpamB  liave  not  silted  up  their  beds  witli  impn>> 
vious  clays.    Tho  absorption  is  greater  in  summer  than  in  winter. 

Upper  confining  jc/rn/fim.— The  upper  confining  stratum  of  the  Claiborne  horizon  coosiiti 
of  a  sericD  of  ''soapstone  '*  and  pipe-clay  beds  which  belong  to  the  basal  part  of  the  lishoB 
formation.  Well  drillein  say  that  in  places  flowing  water  is  found  just  l^eneath  a  verr  htrd 
"flint "  or  sandstone,  which  is  perhaps  the  quartzosc  sandstone  of  the  upper  Tallshatta. 

Dip  of  the  water-bearing  /tfrata. — The  dip  of  the  strata  to  the  west,  as  shown  in  the  wD 
records  l)*»twt»en  Winona  and  Indianola,  is  as  follows:  If  the  waters  derive  tlieir  supplr 
fnim  the  same  source,  there  is  a  dip  in  the  water  horizon  between  Winona  and  (ire^nvuod 
of  18  feet  to  the  mile,  though  one  well  at  (irec»nwood  would  give  a  dip  of  only  10  fwt  lothf 
mile:  the  dip  l)etw<H*n  (ireenwtMMi  and  Ittabena  is  20  (eei  to  the  mite:  lietween  Ittabeni 
and  ImliuMolu  .'io  fet>t  to  the  mUe. 

The  w(*ll  nt  Jackson  gets  its  water  at  a  depth  of  1,168  feet.  The  elevation  of  the  top  of 
the  well  In  al>out  2S()  f(H>t  uImivo  sea  level.  Estimating  the  head  of  the  water  supplying  the 
well  to  1h»  KK)  feet  higher  than  the  surface  at  Jackson  and  the  distance  from  thesourwto 
the  well  to  U*  .'lO  niih^,  we  get  a  dip  of  the  water-bearing  sands  of  25  feet  to  the  mile. 

Various  estimates  made  from  reconls  of  the  wells  along  Chickasawhay  River  give  »  south- 
ward dip  of  the  water  horizon  of  fn^n  10  to  20  feet  to  the  mile.  i 

Area  ofaixiilaMe  artesian  vnter. — The  area  of  accessible  artesian  water  coming  from  the  3 
ClttilH)rne  horizon  includes  the  larger  part  of  the  Yazoo  Delta  h'ing  south  of  a  line  running 
from  Cirenada  to  Uosedaie.  and  the  central  prairie  l)elt  extending  from  Yazoo  to  Waynes- 
boro, on  Chicka-sawhay  Kiver. 

The  area  of  flowing  wells  (Kvupii^s  a  nmch  smaller  territorj*.  In  the  delta  it  inrltlei 
Leflore  County,  the  larger  part  of  Sunflower  County,  and  the  northern  part  of  Holm« 
County.  W«'st  of  thi.s  the  water  encounters  too  much  friction  to  give  good  flowing welb- 
A  wkII  1,5()7  feet  d(H»p  at  Yaz<K>  faile<l  to  obtain  a  strong  flow.  The  city  well  at  Jacksoo 
is  p<Thaps  the  most  distant  one  re<'eiving  its  water  from  the  Clail>orne  horizon.  Tlii* 
well  is  l.HiS  fe<'t  deep  and  gives  a  strong  strt^am.  The  water  is  highly  impregiiatiMl  with 
minerals  and  tcK)  warm  to  l)e  palatable  for  drinking.  There  are  numerous  ilowing  welb 
along  Chickasawhay  Kiver,  from  Wayneslwro  to  near  Decatur,  in  Newton  County;  thos© 
south  of  Enterprise  receive  their  waters  from  the  Claiborne  horizon. 

PA8CAG0ULA  HORIZOK. 

Tmniediately  underlying  the  Grand  (Uilf  formation  is  a  series  of  older  Miocene  IhhLs  whieb 
out<To[)  along  Chattahoochee  Kiver  in  Florida  and  also  along  Conecuh  River  in  southern 
Alal)anm.  From  fa»«ils  collected  by  Mr.  J(>hn.son  ak)ng  Chickasawhay  River  a  few  miles  alwvc 
the  njoiith  of  l-icaf  Kiver  it  has. been  shown  that  then^  is  aiiorizon  here  U'aring  a  fauna 
which  is  much  older  than  the  Vicksburg.  He  has  called  the  l)eds  Pascagoula,  and  n'fere 
them  to  the  Miocene.  It  has  not  been  conclusively  proved  that  the  Pascagoula  is  the  same 
horizon  as  the  Chattah<K>cheo  beds,  but  the  fossils  which  were  collected  have  lieen  n'fcrrec 
to  the  Miocen*'.  It  is  (piite  probable  that  many  of  the  de<»per  wells  along  the  coast  deriv« 
their  supply  of  water  from  the  Pas<'ag()ula,  but  as  the  formation  has  l>eeu  n'cogniztnl  onh 
along  the  Pa.scag()ula  Kiver  nothing  is  definitely  known  alM>ut  its  water-lx»aring  capacity 

GRAND  GULF  HORIZON. 

But  little  detaile<l  geologic  work  has  l)een  done  over  a  large  part  of  the  Grand  Gulf  an» 
from  Jackson  to  the  Gulf,  and  the  character  of  the  water-bearing  horizons  is  known  only  i 
a  general  way.  The  southern  count  ies  of  the  State  are  covered  deeply  by  two  great  surficii 
foruuitions,  the  Grand  Gulf  and  the  Lafayette.  The  great  well  at  Rose  farm  and  anotlu 
at  WiLson  Springs,  north  of  Moss  Point,  demonstrate  that  there  is  another  important  wal« 
horizon  vmderneath  the  Grand  Gulf.  The  greater  part  of  the  wells  along  the  coast  fin 
flowing  water  at  500  fet^t,  more  or  less,  and  many  toward  the  west  at  300  feet  and  lowe 
None  of  these  flow  with  the  great  pressure  of  the  dee[H>r  wells,  nor  do  they  furnish  so  grei 
a  supply.  From  only  one  of  the  shallower  wells  have  fossils  been  obtained — that  at  Lo] 
town,  on  Pearl  River — but  as  yet  they  are  \indeVcTm\wed. 
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Mr.  L.  Sutter,  one  of  the  moat  skillful  and  oliservant  drillers  of  the  roast,  says  that  there 
Are  four  distinct  artesian  water-bearing  strata  on  the  coast.  This  does  not  include  the  one 
immediately  under  the  alluvial  sands  at  a  depth  of  100  to  200  feet,  which  sometimes  flows 
mod  sometimes  does  not.  One  horizon  is  reached  at  al>out  300  feet  from  which  water 
CMcasionally  rises  to  the  surface;  a  second  at  400  to  SCO  feet  often  gives  a  strong  flow,  and 
tlie  majority  of  owners  are  content  to  stop  here;  a  third  is  at  600  to  700  feet,  in  which  there 
IB  generally  gravel  and  a  good  flow  of  water;  the  last  flow  comes  from  a  depth  of  8(M  to 
1,000  feet,  and  has  a  strong  pressure  and  abundant  supply. 

The  lowest  member  of  the  Grand  Gulf  formation  is  a  bed  of  impervious  clay  about  75 
feet  thick.  Resting  on  the  clay  is  a  series  of  sandstones  alternating  with  grayish  and  often 
lignitiferous  clays.  These  sandstones  and  open  clays  form  the  water-l)earing  strata  of  the 
Grand  Gulf. 

Catchment  area. — The  sandstones  and  lignitiferous  clays  come  to  the  surface  along  the 
Dorthem  area  of  the  Grand  Gulf  formation.  In  the  northwestern  portion  the  sandstone  is 
more  prevalent  than  the  lignitiferous  clays.  It  alternates  with  thin  strata  of  gray  clay,  as 
is  shown  at  Star  and  Raymond,  and  in  various  places  in  southern  Rankin,  Hinds,  Simpson, 
Copiah,  and  Claiborne  counties.  Along  the  northern  outcrop  of  the  Grand  Gulf  in  the  east- 
em  part  of  the  State  the  sandstone  is  wanting.  The  strata  here  are  lignitiferous,  sandy 
clays  containing  leaf  impressions  and  often  fragments  of  lignitized  wood.  But  the  material 
is  porous  enough  to  absorb  a  large  amount  of  water,  which  is  easily  recognized  by  its  charac- 
ter when  it  again  comc^  to  the  surface.  The  large  amounts  of  gypsum  and  common  and 
mtgnesian  salts,  the  small  quant  it  it's  of  iron  pyrite,  and  the  decayed  vegetable  matter 
render  the  water  in  places  unsuitable  for  drinking. 

Upper  confining  stratum. — The  upper  confining  beds  of  the  Grand  Gulf  horizon  consist  of 
the  extensive  clay  beds  outcropping  in  the  vicinity  of  Hattiesburg. 

Dip  of  ihe  water-hearing  strata. — if  the  wells  at  Laurel  and  Ellisville  derive  their  supply 

from  the  same  horizon,  the  southward  dip  of  the  strata  is  about  11   feet  to  the  mile. 

The  dip  between  Ellisville  and  Hattiesburg  is,  according  to  the  data  in  hand,  much  less. 

We  have  but  one  well  record  at  Ellisville  on  which  to  base  our  estimates,  which  are  no  doubt 

.  too  small. 

Area  of  available  artesian  vxiter. — The  sandstones  and  porous  clays  forming  the  catchment 
area  of  the  Grand  Gulf  horizon  soon  pa.s8  l>eneath  younger  deposits.  Flowing  wells  are 
obtained  at  Taylorsville,  Hattiesburg,  Columbia,  and  along  the  coast.  There  is  a  large  area 
iring  north  of  a  line  drawn  from  L(>akesville  through  Hattiesburg,  Monticello,  Brookhaven, 
•nd  Natchez,  where  deep-well  water  can  be  obtained  at  a  maximum  depth  of  800  feet. 
Flowing  wells  should  be  found  along  the  larger  streams  at  a  much  shallower  depth. 

Below  is  a  generalized  section  of  wells  l)elween  Biloxi  and  Pa.ss  Christian.  The  record 
Wis  given  to  G.  D.  Harris,  for  his  '*  Underground  Waters  of  Southern  Louisiana,^'  by 
Ut.  a.  Dixon,  a  practical  well  driller  of  that  region. 

Generalized  section  of  v^lh  beturen  Biloxi  and  Pass  Christian. 

Dopth 
in  feet. 

6L8and 80 

&aay 125 

4.  Sand  and  clay r 425 

3.  Light-gray  fine  sand 500 

2.<:iay eoo 

1.  Wfltcr-beanng  sand 685 

It  will  be  seen  by  consulting  the  section  that  No.  2  is  a  bed  of  clay  extending  in  depth 
from  600  to  685  feet,  with  a  water- l)oaring  sand  Inflow.  No.  1  is  no  doubt  the  water-l)earing 
atnd  belonging  to  the  lower  horizon,  and  the  clay  of  No.  2  is  the  impervious  Iwd  at  the  top. 
Some  dnilers  say  that  the  clay  coming  immediately  above  the  water  horizon  has  a  bluish- 
fp^een  color  and  is  often  150  feet  thick. 

Tbe  laige  Dumber  of  wells  along  the  coast  which  draw  their  supply  froicv  1\\\&  b^c^^vuvoL 
indicates  »  kurge  CBtcbment  area.     Tliose  who  have  flowing  we\\a  \is>\«\Vj  VV.  N>ae\s\.  ^^ssi 
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at  full  pressure,  the  amount  of  water  used  being  but  a  small  fraction  of  the  amount  wisUd. 
Well  owners  should  bear  in  mind  the  possibility  of  overdrawing  the  supply.  New  wdls 
are  l)oing  constantly  drilled,  and  this  also  tends  to  lessen  the  amount  for  each  well.  Good 
water  such  as  that  found  in  the  deep  wells  along  the  coast  is  a  great  blessing  to  the  people 
living  there,  and  a  cessation  of  the  flowing  wells  would  be  keenly  felt.  Fortunately, the 
supply  so  far  has  been  adequate  for  all  purposes. 

LAFAYETTE  HORIZOV. 

Tlie  most  recent  formation  in  the  St*te  furnishing  artesian  water  is  the  Lafayett«.  (Ker 
the  larger  portion  of  the  State  it  forms  a  mantle  up  to  200  feet  in  thickness  resting  uiicon- 
forniably  u{M)n  the  older  formations.  The  Lafayette  passes  beneath  still  younger  strati 
at  H  distance  of  15  to  ',^  miles  from  the  Gulf  and  is  found  in  the  coast  wells  at  a  depth  of 
150  to  350  f«»ct  1h»1ow  tide.  North  of  the  point  where  the  Lafayette  passes  under  cover  of 
the  other  formations,  it  forms  one  of  the  principal  sources  of  the  shallow-well  watereof  the 
State. 

Catchment  area. — Along  the  Gulf  and  Ship  Island  Railroad  south  of  Hattiesburg  there 
arc  thick  beds  of  coarse  sand  and  fine  gravel  belonging  to  the  Lafayette.  They  overlie 
the  hluish-grccn  clays  at  the  top  of  the  Grand  Gulf  horizon,  and  are  in  turn  overlain  by 
more  recent  clays.  The  surface  between  these  two  clay  layers  forms  the  catchment  arw 
of  \\u'  Lufayctto.  It  is  less  extensive  than  the  Grand  Gulf  horizon,  but  the  material  is mudi 
more  [K)rous  and  therefore  contains  more  water  to  the  cubic  foot. 

The  eh'vation  of  the  catchment  area  is  sufficient  to  force  the  water  to  a  maximum  height 
of  20  feet  above  the  surface.  At  a  distance  of  25  miles  from  the  Gulf  the  elevation  along  the 
(iiilf  and  Ship  Island  Railroad  reaches  250  feet.  If  this  elevation  were  continuous  across 
th<'  State  from  (Mist  to  west,  the  water  in  the  coast  wells  receiving  their  supply  from  this 
horizon  would  rise  to  a  much  greater  height  than  it  does;  but  the  streams  have  cut  their 
channels  to  such  a  depth  that  the  head  of   the  water  is  much  below  this  elevation. 

rpjur  ronjiniwj  stratum. — The  recent  clays  along  the  coast  re^t  unconformablj  upon 
the  Lufuyette  horizon,  and  form  its  upper  impervious  stratum.  From  the  various  reports 
of  the  drillers  the  c(»ast  wells  from  Scranton  to  Pearl  River  strike  the  Lafayette  sands  and 
gnivel  at  from  \.%)  to  .'^)  feet.  The  upptT  confining  bed  of  clay  is  reported  to  be  35  to 
l(K)  feel  thick.  The  follownig  table,  compiled  from  the  well  records  from  Scranton  to 
JVurl  River,  t^ives  some  interesting  facts  relating  to  the  pressure  and  depth  of  the  wells: 

Welis  bttween  Scranton  and  Fearl  River. 


Looalitv. 


Wells  loss 
than  5(K) 
fwl  d«?p. 


I  Wells  with 
I    flow  less 
I     than  30 

feci  above 
I    surface. 


Hiloxi 7  5 

(Julfport '  2 

LoiiKbcach I  1 

Mississippi  rif  y |  3 

Pass  rhristiJiii 2  \  7 

Kontuinoldnm. ' 

Moss  Point ' !  2 

Ocean  Sprnigs ' i  5 

Scranton | 

Bay  St.  Loui.s j  9j  8 

Wavoland |  7  j  7 


;  Wells  with 

Wells  more  flowaoie^t 

than  500      and  more 

feet  deep,     alwvi"  the 

I    surface. 


« 

17 

6' 

4 

2 

1 

6  1 

3 

30 

35 

2  1 

2 

3  i 

•  1 

13  1 

$ 

2  ' 

5 

4 

5 

; 

By  comparing  the  depths  with  the  pressures  in  the  table  above,  it  will  be  seen  that  the 
water  coming  from  a  depth  le,ss  than  5110  fe<»t  has  a  dillVrent  source  fmm  that  of  the  water 
coming  [rom  a  greater  depth.    WcWs  w\lV\  au  ap^toxAumVe^  <\!e:^vV\  qI  500  (eet  or  oiore 
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baire  a.  much  greater  pressure  than  shallower  wells.  In  most  of  the  former  the  pressure 
is  sufficient  to  force  the  water  30  feet  or  more  above  the  surface,  the  maximum  height 
being  80  feet.  A  well  at  Bay  St.  Louis,  250  feet  deep,  has  a  greater  pressure  than  any  of 
the  other  shallow  wells,  and  the  height  of  flow  above  the  surface  is  20  feet. 

Dip  of  the  waier^aring  gtrala. — By  comparing  the  distance  from  the  outcrop  of  certain 
beds  with  the  depth  at  which  they  are  found  in  the  coast  wells,  a  southward  dip  of  about 
15  or  20  feet  to  the  mile  is  estimated. 
Area  of  available  artesian  water. — The  artesian  area  of  the  Lafayette  is  comparatively 
~  limited.  Some  of  the  more  shallow  wells  along  the  coast  obtain  their  waters  from  this 
horizon.  The  entire  area  of  the  Lafayette  which  is  covered  by  later  formations  is  but  a 
lew  square  miles,  extending  about  20  miles  north  from  the  coast  and  including  the  southern 
portions  of  Harrison,  Hancock,  and  Jackson  counties. 

XOTES  ON  >VELLS  OF  MISSISSIPPI,  BY  COUNTTES. « 

Adams  County. — The  surface  of  Adams  County  is  very  irregular.  In  the  eastern  part 
the  Grand  Gulf  formation  is  overlain  by  the  Lafayette.  Near  Mississippi  River  the  loess 
overlaps  all  the  other  formations  and  extends  from  5  to  10  miles  from  the  river.  The  wells 
of  this  county  derive  their  waters  from  two  sources.  The  shallower  wells  are  supplied  with 
soft,  palatable  water  from  the  base  of  the  Lafayette,  and  the  deeper  wells  from  the  sands 
of  the  Grand  Gulf. 

The  city  waterworks  company  of  Natchez  has  four  wells  located  near  together,  56  feet 
above  the  river.  An  examination  of  the  water  from  No.  la  shows  37 )  parts  solids  to  100,000 
parte  of  water,  and  a  hardness  of  7).  Well  No.  2  contains  27  grains  of  solids  to  the  gallon, 
and  shows  the  presence  of  a  very  small  number  of  innocuous  bacteria.  The  log  of  weU 
No.  4  shows  160  feet  of  loess,  50  feet  of  Lafayette,  and  220  feet  of  Grand  Gulf  material. 
Well  No.  9  is  located  on  the  Greenville  plantation,  7i  miles  from  town.  There  are  hun- 
dreds of  wells  of  this  character  in  the  western  part  of  Adams  County,  the  water  generally 
being  obtained  at  the  contact  of  the  Lafayette  and  the  underlying  Grand  Gulf.  The  log 
of  well  No.  9  showed  12  feet  of  Lafayette  and  85  feet  of  Grand  Gulf,  to  which  the  water 
owes  its  hardness. 

Aleom  County. — ^The  Lafayette  has  been  removed  from  a  laige  part  of  the  surface  of  the 
county,  which  is  a  gently  rolling  plateau  sloping  in  a  northwest  direction  to  Hatchee  River. 
When  the  first  wells  at  Corinth  were  drilled  the  water  rose  to  the  surface,  but  was  lowered 
several  feet  below  the  surface  by  additional  wells.  An  effort  has  been  made  here  to  get 
Wells  which  would  flow,  but  the  prospects  are  not  very  encouraging,  since  the  source  of  the 
Water  is  but  little  above  the  elevation  of  the  town.  There  is  a  bare  possibility  of  striking  an 
artesian  flow  in  the  older,  hard  rocks  at  a  depth  of  several  hundred  feet.  These  rocks  come 
to  the  surface  in  northern  Alabama  and  Tennessee  at  an  altitude  sufficiently  high  to  force 
Water  to  the  surface  at  Corinth.  However,  the  disturbance  of  these  older  rocks  has  caused 
Uiem  to  be  so  folded  and  jointed  that  it  would  be  a  risk  to  undertake  such  a  project.  The 
log  of  one  of  the  Corinth  wateni-orks  wells.  No.  11,  shows  20  feet  of  Lafayette,  280  feet  of 
undifferentiated  Cretaceous,  and  45  feet  of  Lower  Carboniferous  or  Devonian. 
Amite  County. — No  well  records  were  obtained  from  this  county.     Flowing  wells  are  not 

probable. 
Attala  County. — The  only  well  reported  from  this  county  is  No.  12,  at  Kosciusko.     In  thia 

Well  two  fossififerous  beds  of  clay  were  penetrated,  the  first  at  a  depth  of  65  feet  and  the 

*cond  at  150  feet.    Water  first  entered  the  well  at  a  depth  of  76  feet  and  now  stands  at  that 

level. 
BerUon  County. — All  shallow-well  water  in  Benton  County  is  obtained  from  the  Lafayette 

uid  Wilcox  formations.    There  is  a  possibility  of  getting  flowing  wells  from  the  Ripley 

swds  along  Tippah  Creek  in  the  eastern  part  of  the  county  at  a  depth  of  about  400  feet. 

*  A  partial  list  of  the  deep  welU  in  Mississippi  is  given  in  the  table  on  pages  40-59.    The  well  nam* 
ben  in  the  text  refer  to  this  table. 
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Bolhxir  Coun!y. — This  is  one  of  the  Yazoo  Delta  eouDtics  bordering  on  Mississippi  River. 
The  shallow  wells  receive  abundant  water  from  the  Port  Hudson  formation,  but  it  contains 
much  organic  matter  and  is  therefore  very  unwholesome.  These  shallow  wells  are  made 
by  placing  a  cap  on  the  end  of  a  pipe,  perforating  the  lower  portion,  and  driving  the  pipe 
into  the  ground.  Water  enters  the  pipe-  through  the  perforations  and  is  raised  to  the  su^ 
face  by  a  pump. 

The  deep  wells  reach  the  Claiborne  horizon,  but  are  so  far  from  the  head  that  the  pressure 
is  greatly  lessened  by  the  friction  the  water  encounters  in  passing  through  the  sands.  Id 
most  of  the  counties  of  the  Yazoo  Delta  bordering  the  Mississippi  the  w^ter  faib  to  rise  to 
the  siyface. 

Calhmtn  County. — This  county  is  traversed  by  two  large  streams  flowing  west,  Yalobusha 
and  Shooncr  rivers.  Between  these  streams  is  a  narrow  divide  which  rises  more  than  200 
feet  above  them.  On  the  higher  ridges  and,  in  fact,  everywhere  except  along  the  streams 
the  Lafayette  is  very  thick.  At  its  base  is  a  water  supply  abundant  for  all  ordinary  domestic 
uses.  Wherever  possible,  this  water  should  bo  used  in  preference  to  the  deeper  well  waten, 
which  in  this  region  are  apt  to  bo  strongly  impregnated  with  mineral  salts. 

Carroll  County. — Carroll  is  one  of  the  counties  bordering  the  eastern  rim  of  the  Yaxoo 
Delta.  Its  western  part  is  therefore  biit  little  above  Yazoo  River,  and  flowing  wells  are 
easily  obtained.  The  greater  part  of  the  county  is  in  the  Claiborne  hills,  where  flowing  welb 
arc  possible  only  along  the  lower  streams. 

The  town  of  CarroUton,  near  the  center  of  the  county,  has  a  large  number  of  flowing  wells. 
It  is  situated  on  Big  Sandy  Creek  and  has  an  elevation  of  229  feet  above  sea  level.  Well 
No.  17  was  drilled  1,250  feet  deep,  but  failed  to  get  an  overflow.  The  first  water  from  the 
upper  Claiborne,  at  300  feet,  rose  to  within  17  feet  of  the  surface.  A  second  stream  at  450 
feet  came  within  12  feet  of  the  surface.  These  water  beds  were  cased  off  and  no  further 
supply  was  obtained.  Water  from  well  No.  18  is  delivered  by  a  ram  to  a  tank,  from  which 
it  is  distributed  over  south  CarroUton. 

Chickasaw  County. — The  eastern  half  of  this  county  is  underlain  by  the  Selma  chalk  and 
the  western  half  by  the  Porters  Creek  and  Wilcox  beds.  The  water  from  the  Tuscaloosa- 
Eutaw  horizon  will  rise  to  the  surface  in  a  narrow  strip  in  the  northeast  comer  of  the  county. 
Some  surflcial  waters  are  obtained  from  the  base  of  the  Liafayette  where  that  formation  is 
prei«>nt,  but  the  general  supply  of  wholesome  water  comes  from  the  deep  wells  which  reach 
the  Tuscaloosa-Eutaw  horizon.  Water  from  well  No.  20  at  Okolona  is  forced  into  a  tank 
by  compressed  air  and  is  thence  distributed  over  the  town. 

Choctaw  County. — It  is  not  surprising  that  no  artesian  wells  are  reported  from  Choctaw 
County,  as  the  high  Pontotoc  divide  extends  through  its  eastern  part.  At  Blantons  Gap, 
2  miles  east  of  Ackemian,  the  Illinois  Central  Railroad  reaches  the  highest  elevation  between 
Du rant  and  Aberdeen. 

The  only  possibility  of  getting  flowing  wells  in  the  county  would  bo  along  Big  Black  River, 
on  the  northern  and  northwestern  l)oundary.  Good  surficial  water  is  obtainable  from  the 
l»tLs<»  of  the  I>Hfayette,  which  is  exceptionally  thick  over  this  region. 

Claiborne  County. — Good  water  is  obtained  in  shallow  I^afayett^  and  Grand  Gulf  wells, 
but  there  is  no  artesian  flow. 

Clarke  County.- -Chrka  County  is  one  of  the  Alabama-Mississippi  Iwrder  counties  lying 
along  Chickasawlmy  Uiver.  The  nearness  to  the  catchment  areas  of  the  Claiborne  and 
Wilcox  formations  an<l  the  large  area  of  low-lying  territory  along  the  Chickasawhay  cause 
many  artesian  wells.  The  county  is  crossed  by  the  Lisbon  lx»ds,  the  Tallahatta  buhrstone, 
and  the  Jackson  formation,  while  the  upper  Wilcox  crosses  the  northeast  comer,  and  the 
Vicksburg  the  southwest  comer.  The  Lafayette  is  also  very  thick  back  from  the  larger 
streams. 

Well  No.  22,  at  Bamett,  was  started  in  the  Jackson  marls,  which  were  65  feet  thick. 
Water  was  obtained  in  the  sands  immediately  underlying,  and  again  in  sands  at  125  feet. 
At  a  depth  of  350  feet  all  the  water  left  the  well  and  passed  oflf  through  the  sands  at  that 
po'mt.    The  well  was  cas^d  for  150  feet.    In  well  No.  23,  also  at  Bamett,  water  was  obtained 
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1 65  feet  and  rose  25  feet  in  the  well.  At  125  feet  another  stream  was  struck  which  rose  to 
nthin  20  feet  of  the  surface.  As  in  well  No.  22,  all  the  water  was  lost  in  the  sands  at  a 
Icfith  of  350  feet.    None  was  found  below  that  level. 

Wdl  No.  24,  at  De  Soto,  begins  near  the  top  and  ends  near  the  bottom  of  the  Lisbon  beds. 
tile  water  has  a  reddish  color  like  other  water  coming  from  this  horizon. 

TIm  town  of  Enterprise  has  two  wells  (No.  25)  about  100  yards  apart  and  of  the  about 
^une  depth.  They  are  affected  by  a  largo  well  drilled  at  a  sawmill  a  few  hundred  yards 
%wth.  The  log  from  well  No.  26  showed  22  feet  of  Lafayette.  When  first  drilled  this  well 
.^ a  weak  flow.  Three  other  similar  welLs,  from  175  to  200  feet  in  depth,  are  Focated  in  the 
I  ^fei^borfaood.  Well  No.  29  is  on  the  west  side  of  the  river  and  on  higher  ground  than  those 
I*  vbore  mentioned.  The  Lafayette  Ls  here  very  thin  and  is  underlain  by  a  10-foot  Claiborne 
-M  bed.  When  the  mercurial  barometer  is  high  the  well  flows,  but  usually  it  has  to  be 
Jioped. 

About  15  wells  have  been  bored  in  the  town  of  Quitman.  The  log  of  well  No.  31  showed 
4Dfeet  of  Lafayette,  40  feet  of  Lisbon,  150  feet  of  Tallahatta  buhrstone,  and  2  foet  of  Wilcox. 
Hie  volume  of  water  has  been  lessened  by  the  large  number  of  wells.  Some  of  the  larger 
Ivfib  used  for  supplying  water  for  the  Mississippi  Luml)er  Company  are  pumped  by  com- 
fnmul  air.  During  the  pumping  the  flow  of  other  wells  in  the  town  is  either  decreased  or 
topped.  Well  No.  33  was  the  first  one  drilled  in  Quitman.  The  flow  has  been  much 
nduced  by  the  drilling  of  other  wells.  The  Lafayette!  in  this  well  was  30  feet  thick.  To 
the  raat  in  the  hills  the  Lafayett«  is  from  40  to  100  feet  thick. 

Well  No.  34  is  the  public  well  at  Shubuta.  A  weak  overflow  of  clear  water  was  obtained 
it  a  depth  of  175  feet,  but  the  main  flow  is  from  400  feet  and  is  a  red  wati>r,  which  is  alkaline 
in  character  and  carries  62  grains  of  sodium  bicarbonate  to  the  gallon.  Sixteen  flowing  wells 
Hid  1  Dooflowing  are  reported  from  the  town  of  Shubuta,  and  they  range  in  depth  from 
165  to  422  feet.  The  maximum  height  to  which  the  water  rises  above  the  surface  is  30  feet. 
There  are  two  distinct  water  horizons  in  the  Shubuta  wells,  both  of  which  yield  highly 
ilkaline  waters.  The  first  horizon,  at  165  to  175  feet,  yields  a  clear  alkaline  water  with  a 
preasure  suflicicnt  to  raise  it  to  a  maximum  height  of  15  feet  above  the  surface.  The  second 
horizon,  at  about  400  feet,  yields  a  red  alkaline  water  which  is  typical  of  all  waters  coining 
bom  the  uppermost  Lisbon  beds.  The  pressure  from  this  level  raises  the  water  20  to  30 
fcet  above  the  surface.  Well  No.  43  is  1  mile  east  of  town,  on  low  ground  near  the  river. 
Well  No.  45  is  2)  miles  north  of  town. 

Clay  County. — The  whole  surface  of  Clay  County  is  underlain  by  the  Selma  chalk,  except 
A  narrow  strip  2  to  5  miles  wide  along  Tombigbee  River  on  the  eastern  border.  Over  the 
cotire  country  the  water  from  the  Tuscaloosa-Eutaw  horizon  will  rise  in  wells  to  within  a 
km  feet  of  the  surface.  In  some  localities  in  the  eastern  part  the  water  flows  over  the 
mfaoe. 

The  drill  in  well  No.  52  at  We«t  Point  penetrated  more  than  5(K)  foet  of  the  Selma, 
bowath  which  an  unusually  pure  water  was  obtained.  This  well  has  a  w«»ak  but  steady 
low.    Later  wells,  however,  have  lowered  the  height  of  the  water. 

Coahoma  County. — ^The  artesian  wells  from  this  part  of  the  Yazoo  Delta  got  their  flow 
from  700  to  1,000  feet  below  the  surface.  There  is  a  marked  difTorence  in  the  pressure  and 
qoantity  of  water  in  some  of  the  wells. 

At  the  town  of  Clarksdale  the  city  well  (No.  53a),  which  is  876  feet  deep,  flows  a  very 
veak  stream  of  3  gallons  per  minute.  The  well  at  Lyon  (No.  55),  only  2  miles  north,  is 
975  feet  deep  and  flows  a  strong  stream  of  22  gallons  per  minute.  This  well,  however, 
obtains  its  water  from  the  970-foot  level,  which  is  94  foet  lower  than  the  Clarksdale  well. 
No  doubt  the  latter  would  strike  the  same  water  at  the  dept  h  of  the  Lyon  well.  An  analysis 
rf  the  water  from  well  No.  55  shows  3774.6  parts  per  million  of  solids,  of  which  2738.9 
puts  are  sodium  carbonate. 

Copiah  County. — ^TTiis  county  is  in  the  region  of  the  Grand  Gulf  formation,  which  is  in 
flaccB  deeply  covered  by  the  Lafayette  sand  and  gravel.    A  high  ridge  extends  uodtv  &ivd 
•Both  acroaa  tfaa  county,  separating  the  waters  pf  the  Pc^rl  on  iVxo  <i^l  liQm  VWsft  ^V  >>a» 
oatbewest. 
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Water  was  obtained  in  well  No.  56,  at  Wesson,  at  a  depth  of  120  feet  in  the  ligmtkcky 
of  the  Grand  Gulf.  It  was  so  highly  impregnated  with  vegetable  matter  and  alkafiesM 
to  l)c  unfit  for  drinking  purposes.  It  is  stated  that  a  boring  1,100  feet  de^p  near  Weasoi 
failed  to  obtain  water.  The  drinking  water  in  this  locality  is  obtained  from  wells  tt  tb 
base  of  the  Lafayette. 

Covington  County. — The  well  waters  from  Covington  County  come  principally  from  tin 
lower  members  of  the  Grand  Gulf.    There  is  more  or  less  mineral  matter  in  the  water,  o{te&| 
rendering  it  undesirable  as  a  constant  drinking  water.  ] 

De  Soto  County. — The  log  of  a  well  in  Hernando  shows  the  following  relations:  Flini' 
gravel  45  feet,  yellow  clay  20  feet,  brown  shale  25  feet,  light-brown  shale  55  feet,  hard  abdl 
or  hardpan  1  foot,  light-gray  shale  24  feet,  and  sand  50  feet. 

The  well  was  made  in  sand,  is  10  inches  in  diameter,  and  has  a  capacity  of  150  gaDoof 
daily.  Water  is  raised  by  a  deep-well  pump  and  stands  20  feet  below  the  surface,  llii 
quality  is  about  like  that  of  the  Memphis  water. 

Franklin  County. — Shallow  wells  are  obtained  in  Franklin  County  from  the  Lafay«tU 
and  Grand  Gulf.    Artesian  wells  are  not  possible. 

Greene  County. — Artesian  wells  may  be  obtained  along  Chickasawhay  River,  in  the  easteil 
part  of  the  county.  There  are  as  yet  no  records  of  any  deep  wells  in  this  county,  perfaap 
because  of  the  small  population. 

Grenada  County. — Grenada  County  is  cut  from  east  to  west  by  Yalobusha  River.  AkiQ| 
the  lower  course  of  the.  river  on  the  eastern  edge  of  the  Yazoo  Delta  there  are  numerou 
artesian  wells. 

The  town  of  Grenada  is  supplied  by  deep-well  water,  which  is  pumped  to  a  laige  stand 
pipe  on  a  hill  about  1  mile  from  town  and  from  there  distributed  over  the  city  througl 
pi]X's.  The  hill  on  which  the  standpipe  is  located  is  about  150  or  175  feet  above  the  cit^ 
and  a  strong  pressure  is  thereby  obtained. 

Hancock  County. — Hancock  County  is  the  most  western  county  bordering  on  the  Gull 
The  drainage  is  toward  the  south  and  southwest.  The  geologic  formations  belong  to  tin 
post-Tertiary  period.  The  region  of  flowing  wells  includes  a  strip  along  Mississippi  Souw 
5  to  10  miles  wide  and  likewise  the  region  along  the  Pearl  River  bottom  on  the  west  side  o 
the  county. 

Twenty-three  wells  are  reported  from  this  county.  The  temperature  of  the  deeper  well 
is  reported  to  be  78°.  Notes  on  some  of  these  wells  are  given  below.  The  numbers  cor 
respond  with  those  in  the  table  (pp.  42-45): 

N<».  o7.  This  woll  has  no  strainer  at  the  bottom  and  l)ccame  clogged.  Its  flow  diminishing  from  2 
gallons  piT  minute  to  nothing.  After  partly  cleaning,  a  flow  of  15  gallons  per  minute  was  obtainec 
but  this  has  now  decn'ased  to  S  Rallons. 

No.  .VS.  This  second  college  well  is  located  1.000  feet  from  the  first.  The  original  flow  was  COgaltoi 
per  minute,  but  the  well  luter  Ix'came  entirely  clogged.    A  flow  of  5  gallons  is  now  obtained. 

No.  .50.  Abun«lant  grevel,  similar  to  that  on  Bayou  de  Lisle,  10  miles  northeastward,  was  found  i 
40  U'i^t.  while  at  from  175  to  ;W0  feet  univalve  and  clam  shells  were  found. 

No.  TiO.  This  is  one  of  the  shallowest  wells  at  this  point.  There  arc  some  fluctuations  of  flow  of  tl 
shallower  wells,  thought  by  drillers  to  be  connect<»d  with  tidal  fluctuations. 

No.  (11.  This  is  one  of  the  best  wells  at  Bay  St.  Louis.  The  waUir  is  used  in  a  canning  factory, 
cypn'ss  loir  was  encountered  at  90  fwt,  and  many  fo.s.sil  shells  at  200  feet. 

No.  f)2.  In  the  wiiiUt  of  lSKJ-94  this  well  ceas<'d  to  flow,  but  began  again  in  the  spring  and  has  coi 
timied  ever  since.    The  flow  fluctuates  a  little  with  the  tide. 

No.  t'<i.  Fo.ssil  shells  wen?  found  at  170  feet,  but  none  wen'  pn'served. 

No.  ()4.  This  well  is  16  f<Hjt  above  tide  level.  It  flows  at  high  tide,  but  not  at  low.  During  stom 
which  raise  the  water  level  the  flow  is  greatly  increased. 

No.  (i.").  This  well  does  not  ordinarily  (low,  but  dunng  storms  which  raise  the  water  of  the  Gulf 
flows  fnM'ly. 

No.  W.  Kotl«n  wood,  apparently  cypn'ss,  was  encountered  at  100  feet  and  gravel  at  190  feet.  Wat 
was  found  at  this  point,  but  the  well  wa^  continued  to  the  second  water-bearing  stratum  at  420  fe< 
The  gravel  resembles  that  at  Bayou  de  Lisle,  10  miles  northeasl. 

No.  r>7.  A  good  water  horizon  was  passed  through  at  a  considerable  distance  above  the  one  fro 
which  the  supply  is  now  obtained. 

Kg.  69.  This  well  is  located  on  Bayou  Tally,  several  miles  north  of  town.    Fossil  shells  were  foui 
up  40f^t,  bv^^iXQUQ  wQrc  preserved. 
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'io,  71.  Thn?e  soarces  of  water  were  found— one  under  the  Port  Hudson,  one  under  tbe  Lafayette  at 

I  ieet,  and  one  near  the  top  of  the  Grand  Gulf  at  225  feet. 

Mo.  73.  The  elevation  of  this  well,  like  practically  all  of  thoae  at  Wavoland,  it*  16  feet  above  tide.   This 

the  shallowest  well  at  Waveland,  the  well  stopping  at  the  first  water-bearing  horizon. 

No.  74.  Water  was  obtained  at  320  feet,  but  was  supposed  to  1)e  insufficient,  and  the  well  was  con- 

mied  10  feet  into  the  clay. 

Ko.  7'>.  The  stratiip-aphy  shown  by  the  wells  in  Waveland  is  similar  to  that  at  Bay  St.  Louis. 

No.  7H.  West  of  Bay  St.  Louis. 

So.  7S.  Tnis  well  waa  continued  into  the  clay  several  feet  below  the  water-bearing  .sand. 

Harrison  County. — This  county  ofTers  a  diversity  of  topographic  features.  The  southern 
lit,  bordering  on  Mississippi  Sound,  is  but  a  few  feet  above  tide.  Twenty-five  miles  from 
be  coast  the  Gulf  and  Ship  Island  Railroad  reaches  an  elevation  of  270  feet,  while  the  hills 
)the  west  rise  perhaps  100  feet  higher.  At  the  northern  edge  of  the  county  the  railroad 
iiches  305  feet  elevation.  These  high  hills  furnish  tbe  outcrop  of  the  geologic  formations 
iiich  supply  the  high-pressure  wells  along  the  coast.  The  entire  coast  in  the  southern 
irt  of  the  county  is  perforated  by  wells,  some  of  which  will  forc^  the  water  80  feet  above 
»e  surface  with  a  flow  of  4/)0  gallons  per  minute. 

In  well  No.  102  fossil  shells  were  found  at  340  feet,  but  none  were  saved.  The  well 
ipplies  a  lai^  sa^^mill  and  furnishes  water  for  the  village  of  Delisle. 
The  wells  at  Pass  Christian  (Nos.  122-153)  are  about  16  feet  above  tide  and  all  have  a 
long  flow,  jvhich  increases  with  depth.  The  supply  of  the  deeper  wells  appears  to  come 
wn  fossiliferous  beds  which  Mr.  L.  C.  Johnson  has  referred  to  the  Pascagoula.  The  water 
om  the  shallower  wells  comes  from  one  or  all  of  the  three  wat«r-bearing  sands  above 
le  Bo-called  Pascagoula.  The  temperature  of  wells  700  feet  deep  is  71°. 
Hindj!  County. — The  waters  of  the  eastern  part  of  Hinds  County  flow  to  Pearl  River  and 
lose  of  the  western  part  to  the  Big  Black.  It  is  difficult  to  obtain  good  drinking  water  in 
le  Jackson  and  Vicksburg  formations,  which  underlie  the  surface  in  the  northern  part  of 
K  county.  More  than  half  of  the  southern  part  is  underlain  by  the  Grand  Gulf  formation, 
hich  is  here  represented  by  white  to  gray  sandstone,  interbedded  with  sandy  clays  and 
aooDsolidated  sands.  The  Lafayette  covers  the  surface  of  the  entire  county  except  in 
Ball  areas. 

The  high  bluffs  along  Big  Black  River  are  covered  with  loess,  which  overlies  all  the  other 
rmations.  It  gradually  thins  out  to  the  east,  becoming  so  closely  blended  with  the  yellow 
un  that  the  two  are  inseparable.  The  transition  zone  will  stand  erosion  better  than  the 
imixed  yellow  loam.  Most  of  the  water  in  this  county  is  obtained  in  shallow  wells,  which 
rive  their  supply  from  the  base  of  the  Lafayette. 

There  are  four  flowing  wells  in  Jackson.  The  city  well  is  located  on  the  bank  of  Pearl 
iver,  not  far  from  the  wagon  bridge.  The  well  is  1 ,168  feet  deep  and  flows  a  strong 
•cam  of  strongly  alkaline,  warm  water.  It  is  so  highly  charged  with  minerals  that  it  is 
i  used  for  any  purpose.  The  source  of  the  water  is  perhaps  the  upper  Clailx)nie.  The 
mperature  of  one  of  the  Jackson  wells,  774  feet  deep,  is  reported  by  Darton  to  Iw  74°. 
The  deepest  well  (No.  157a)  in  this  section  is  at  Bolton.  At  a  depth  of  1,020  feet  a  fine 
■earn  of  excellent  drinking  water  was  obtained,  which  rose  to  within  80  feet  of  the  surface. 
»  well  was  continued  to  a  depth  of  1,517  feet,  but  no  further  streams  were*  obtained.  At 
iepth  of  1,080  feet  the  first  rocks  were  found.  They  occurred  in  bands  1  to  5  feet  thick 
the  bottom  of  the  well. 

Uoimes  County. — The  topography  and  stratigraphy  of  Holmes  County  is  very  similar  to 
it  of  Carroll  on  the  north.  It  contains  a  high  north-south  ridge  near  the  center  and  two 
F-lying  regions  on  either  side.  In  lx)th  of  these  low  areas  are  numennis  artesian  wells 
riving  their  waters  from  the  Claiborne  horizon. 

SVater  was  first  obtained  in  the  well  at  Pickens  (No.  159)  at  UK)  feet,  but  it  was  of  poor 
ftlity.     An  analysis  of  the  water  from  the  Tchula  well  (No.  160)  shows  it  to  \w  too  alkaline 
boiler  purposes. 

8Vell  No.  162  is  located  in  Attala  County,  1  mile  from  West.  It  is  cased  down  to  solid 
'k  of  the  lower  TaJJabaf  ta  at  a  depth  of  I (K)  feet .     T\u»  water  cwawh  Iyv>\\\\w\v^«X\\  n\v?\vw\ 
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iMaquena  County. — IsAaquena  is  a  small  oouDty  bordeiiDg  on  Miauvippi  River  in  t 
southern  part  of  the  Yazoo  Delta.    The  surface  formations  are  recent  riTer  deposits  a 
Port  Hudson,  l)oth  of  which  furnish  plenty  of  surficial  waters  of  a  poor  quality.   The  it 
is  too  far  removed  to  get  flowing  wells. 

Itawamba  County. — ^The  Tuscaloosa  sands  furnish  a  large  amount  of  fine  water  over  tl 
entirp  county.    There  are  numerous  springs  in  the  western  part  of  the  county  which  i 
from  just  alx)ve  lignite  seams  and  clay  beds  belonging  to  the  Tuscaloosa.    No  doubt  fi 
wells  could  lx>  obtained  along  Tombigbee  River,  but  none  are  reported. 

Jaclcmn  County. — ^The  eastern  and  western  parts  of  Jackson  County  rise  to  an  eleTati0i| 
of  about  .')0()  feet.     The  central  part  along  Paseagoula  River  is  but  a  few  feet  above  1 
Like  the  other  two  coast  counties,  the  southern  part  of  Jackson  has  a  large  number  of  fl 
ing  wells.    Twenty  wells  are  reported  from  Jackson  County,  and  the  following  notes  iit| 
given  in  addition  to  the  data  in  the  table  (p.  48-51): 

No.  163.  Fossil  Rh(>IIs  were  found  at  640  feet. 

No.  164.  Fossil  shells  of  the  Paseagoul  a  were  found  at  fiOO  feet.  The  formation  is  her?  probablj  tboi^ ' 
100  f«»t  thick. 

No.  166.  This  well  goes  300  feet  bolow  the  tmae  of  the  Paseagoula,  assaming  the  latter  to  have  iU  nor- 
mal thickness.    It  does  not.  however,  reach  the  Jackson  or  Vicksborg  formations.    Mr.  I..  C.  JohnM^' 
considers  that  it  may  end  in  the  Chlckasawhay  Miocene  beds. 

No.  167.  This  well  was  bored  for  oil.    At  680  Seet  it  passed  through  a  thin  bed  of  gray  laaditoofl^' 
probably  at  the  base  of  the  Grand  Gulf.    The  water  at  this  level  was  of  a  brownish  color  and  Aowvd 
gallons  to  the  minute,  but  was  cased  off.    Woody  matter  was  encountered  at  720  feet.    The  mil 
located  4  miles  north  of  Moss  Point.  ^ 

No.  168.  Most  of  the  city  is  supplied  from  this  well. 

No.  171.  The  wat*»r  of  wells  of  this  depth  is  better  than  that  from  the  deeper  wells. 

No.  177.  The  horizon  of  the  water  l)ed  is  fixed  by  fosstls. 

No.  178.  This  well  is  used  for  irrigation. 

No.  179.  This  w<'ll  was  Ix'gim  for  oil.  but  was  abandoned  because  of  the  sticking  of  the  drill.   It  stSS^ . 
flows  considorably,  although  the  main  water  horizon  at  900  feet  was  cased  off.    Fossils  of  the  Psso^^ 
goula  hori/.on  woro  encountorpd  1k*1ow  900  feet.    Some  wood,  lignite,  and  pyrite  were  also  fomid. 

No.  180.  It  iH  probable  that  the  water  supply  is  from  a  sand  bed  40  tofiOfeet  above  the  Psacagonl^* 
marl. 

No.  182.  Fossil  shells  of  the  Pascngoiila  formation  were  found  below  600  feet. 

Josjier  County.— There  ait»  10  wells  reported  from  the  town  of  Paulding,  with  an  averag^^ 
depth  of  alH)iit  SO  foot.  The  wat<»r  rises  only  10  feet  in  the  wells.  At  a  depth  of  90  feet  th^ 
Jacksoti  maris  are  reached.  Water  coming  from  the  base  of  the  Lafayette  is  reported  to  b^ 
g<M>d  and  soft,  while  wells  Inired  int4)  the  Jackson  have  hard  water.  The  welb  are  bore^ 
with  a  hand  auger. 

Jefferson  (^ounty. — No  wells  reported. 

Jtnws  County.  -The  Grand  Gulf  clays  underlie  the  entire  county.  The  more  sandy  clay» 
are  water-U^aring,  hut  the  southward  slope  of  the  land  is  so  gentle  that  the  water  does  not 
rise  to  the  surface  except  in  the  southern  portion  of  the  county.  It  rises  to  within  40  feet 
of  tlie  surface  at  Liuirel  (No.  184 )  and  to  20  feet  at  Ellisvillc,  which  is  7}  miles  farther  south. 
If  the  dip  of  the  water  horizon  is  constant,  the  water  should  rise  to  the  surface  in  wells  8 
miles  south  of  Kllisville,  provided,  of  course,  the  elevation  is  no  higher  than  at  Ellisville. 

Well  No.  18<),  at  I^aurel,  obtained  its  first  water  at  65  feet,  and  wat<»r  was  found  at  various 
levels  until  the  large  supply  was  reached  at  370  feet.  The  well  is  cased  for  250  feet,  the 
lower  20  f<»et  In'ing  brass  screen. 

Water  jias  Ihhmi  obtained  at  Ellisville  at  70  feet,  clearly  within  the  Grand  Gulf;  and  again 
at  5(X)  feet,  possibly  at  the  bast^  of  the  Grand  Gulf,  but  this  is  not  certain.  In  neither  case 
di<l  the  head  force  the  water  to  the  surface. 

Kemper  County. — In  the  eastern  part  of  the  county  deep-well  water,  perhaps  flowing,  can 
lx»  obtained  from  the  Tus(!aloosa-F]ut.aw  horizon  by  penetrating  the  Selma  chalk.  In  the 
western  part  numerous  shallow  wells  are  obtained  at  the  base  of  the  Lafayette.  In  some 
places,  where  the  Ijafayettc  has  lxH»ri  cut  through,  bold  springs  of  pure,  soft  water  are  found. 

Ijifayette  Coi/n/y.  -This  county  o<cupies  the  c<»ntral  |H)rtion  of  the  Wjlco-X  area.  In  gen- 
eral there  is  a  thin  layer  of  I^afayettc  overlain  by  a  thicker  mantle  of  the  Columbia  loam. 
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which  reaches  a  maximum  thickness  t>f  20  feet.  In  the  eastern  and  particularly  in  tho 
southeastern  part  of  the  county  are  numerous  outcrops  of  lignite  veins  along  the  streams. 

The  county  is  traversed  from  east  to  west  by  two  laige  rivers,  the  Yocona  on  the  south 
and  the  Tallahatchie  on  the  north.  The  principal  water  supply  is  obtained  from  tho  heavy- 
bedded  sands  in  the  Wilcox. 

Lamar  County, — This  has  recently  been  formed  from  Marion  County,  and  the  wells  are 
discussed  under  that  head. 

Lauderdale  County. — The  high  line  of  hills  forming  the  divide  between  the  Tombigbee  and 
Qiickasawhay  basins  extends  in  a  southeast-northwest  direction  across  the  central  part  ( f 
the  county.  The  Wilcox  and  Claiborne  strata,  outcropping  to  the  south  and  west,  form 
the  catchment  area  for  the  artesian  wells  in  the  southern  portion  of  Lauderdale  and  Clarke 
eounties. 

From  well  No.  190,  at  Lauderdale,  35,000  gallons  were  pumped  in  a  five-hour  test.  There 
is  some  iron  in  the  water,  but  it  can  be  used  in  boilers.  The  drill  passed  through  solid  beds 
at  about  70  feet  bebw  the  surface,  presumably  W^ilcox.  In  No.  192  water  was  first  obtained 
at  135  feet,  but  it  was  from  a  bed  of  lignite  and  was  of  poor  quality.  The  well  stopped  in 
a  soft,  yielding  clay  which  caved  badly.  The  water  from  well  No.  194,  coming  from  the 
Wilcox,  is  very  hard,  but  is  used  in  locomotives.  The  well  has  yielded  7,000  gallons  per 
hour. 

Well  No.  196,  at  Meehan  Junction,  passes  through  the  Tallahatta  buhrstone  and  into  the 
Wikox  sands.    Only  60  feet  of  casing  are  used. 

Well  No.  197  was  the  second  well  bored  in  Meridian.  The  flow  is  said  to  be  abundant, 
but  the  amount  has  never  been  measured.  It  is  located  near  Okatibbee  Creek,  6}  miles 
Dorthwest  of  the  courthouse  and  on  much  lower  ground.  Well  No.  199  is  the  public  well  in 
one  of  the  streets.  A  hydraulic  motor  pumps  a  small  stream  from  this  well,  in  which  tho 
water  is  chalybeate.  Tho  water  from  well  No.  201  is  a  mineral  water,  but  is  distilled  for 
making  ice.  Tho  flow  is  ample  for  the  purpose,  some  of  the  water  being  used  for  drinking 
supplies. 

Welb  Nob.  202  and  203,  at  Siding,  obtain  their  supply  from  the  buhrstone.  The  flow  is 
greatly  increased  by  drilling  alx)iit  20  feet  deeper  than  the  buhrstone  and  putting  in  a  longer 
strainer,  as  other  wells  in  the  vicinity  also  show. 

Lawrence  County. — The  only  formations  outcropping  in  Lawrence  County  are  the  Grand 
Gulf  clays  and  the  overlying  Lafayette.  Pearl  River  crosses  the  entire  county  from  north 
to  south. 

The  water  supply  comes  from  both  the  Lafayette  and  the  Grand  Gulf,  but  the  greater 
number  of  wells  get  their  supply  from  the  latter  at  a  depth  of  50  to  75  feet.  The  Grand  Gulf 
water  here,  as  at  many  other  places,  is  hard,  but  is  considered  wholesome.  No  flowing  wells 
are  reported  from  this  county. 

Leake  County. — ^Two  shallow  wells  from  the  Lafayette  are  reported  from  Leake  County. 
The  Tallahatta  buhrstone  outcrops  in  the  eastern  pnrt  and  furnishes  a  largo  amount  of  good 
water,  but  the  supply  has  not  been  developed.  Flowing  wells  are  possible  along  Pearl  River 
at  moderate  depths,  particularly  west  of  Carthage. 

Lee  County. — The  Selma  chalk  forms  the  surface  rock  over  the  western  and  the  Eutaw 
over  the  eastern  part  of  the  county.  The  slope  of  the  surface  is  southea.st,  or  about  parallel 
to  the  strike  of  the  strata.  The  artesian  waters  at  Tupelo,  Verona,  Plantersville,  and  other 
places  over  the  county  come  from  the  Kutaw  sands,  which  outcrop  in  the  hills  to  the  east. 

The  first  wells  at  Tupelo  were  drilled  in  the  town  and  had  a  strong  flow.  Later,  however, 
numerous  wells  along  the  near-by  creek  and  at  the  United  States  fishery  have  been  drilled 
at  a  lower  elevation,  and  the  water  in  the  town  wells  has  been  lowered  below  the  surface. 
Water  is  obtained  in  the  United  States  fishery  at  a  depth  of  325  feet.  There  are  six  of  these 
wells,  which  supply  the  water  for  the  various  fish  ponds  and  for  domestic  use. 

The  water  coming  from  the  Eutaw  contains  more  or  less  iron  oxide,  and  where  i\v?  Selma 
c^alk  is  not  cased  ofl"  the  water  is  high  m  lime  carbonate.  Wnere  the  wells  are  cased  to  the 
bottom  the  water  is  normallv  soft  and  wholesome. 
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Well  No.  210  is  near  the  eastern  edge  of  the  SebnAchalk.  The  fiist  wat^r  obtunfd  at  125 
feet  rww  to  within  10  feet  ef  the  surface.  The  next  horizon  was  at  250  feet  and  the  wit«r 
rone  to  within  3  inches  of  the  surface.    The  last  water  was  at  322  feet  and  flowed  iretkly. 

Ltjlort  County. — Leflore  County  borders  the  eastern  edge  of  the  Yazoo  delta  about  htlf- 
waj  between  Vicksburg  and  the  Tennessee  line.  The  highest  altitude  does  not  exceed  175 
feet.  In  the  adjacent  county  to  the  east  the  hills  rise  to  a  maximum  height  of  550  feet.  The 
sands  furnishing  the  strongly  flowing  wells  in  Leflore  County  come  to  the  surface  in  the  Cu^ 
roll  County  hills  and  in  those  farther  east.  The  conditions  are  thus  very  faTonble  for 
obtaining  a  large  supply  of  flowing  water.  Leflore  is  one  of  the  counties  of  the  delta  where 
the  well  drillers  will  guarantee  a  flowing  well. 

In  well  No.  217,  at  Greenwood,  the  first  water  was  obtained  at  340  feet,  the  next  tt  450, 
and  a  third  at  600  feet,  all  of  which  are  utilized  by  means  of  perforations  in  the  pipe  at  the 
ppopcr  points.  Hard  rock,  belonging  perhaps  to  the  Tallahatta  buhrstone,  was  reported  at 
a  depth  of  200  feet. 

The  following  generalized  section  of  the  wells  in  and  near  Minter  City  was  given  by  Mr. 
Feigler,  a  suceasful  driller  of  this  region:  Subsoil  10  feet,  sand  and  silt  100  feet,  gravel  5 to 
60  feet,  sand  80  feet,  soapstone  and  pipe  clay  interbedded  with  sand  to  the  bottom  of  the 
wells,  which  range  from  420  to  690  feet  in  depth.  The  quality  of  the  artesian  water  from 
this  county  is  considered  excellent  by  those  using  it. 

Below  is  a  generalized  section  of  the  wells  at  Greenwood  which  receive  their  water  from  the 
Claiborne:  Brown  clay  20  feet,  common  sand  130  feet,  coarse  gravel  130  to  150  feet,  gray 
sand  130  to  160  feet,  fine  "  sea  sand ''  160  to  190  feet,  gray  sand  190  to  220  feet,  soapstone  or 
clay  220  to  300  feet,  sand  300  to  380  feet,  dark-brown  hardpan  380  to  460  feet,  and  sand  rock 
for  about  20  feet,  below  which  is  a  stratum  of  flint  rocJc  always  about  8  inches  thiclc.  Water 
Ls  found  below  this  rock  in  dark-green  sand. 

Lincoln  County. — This  county,  like  Copiah,  its  northern  neighbor,  contains  the  elevated 
watershed  l)etween  Pearl  and  Mississippi  rivers,  extending  in  a  north-south  direction  near 
the  centi»r  of  the  county.  The  uppermost  bed  of  the  Grand  Gulf  formation  is  here  an  imper- 
vious clay  which  checks  the  water  collecting  in  the  Lafayette  and  provides  a  fine  supply  of  a 
soft,  wholesome  quality.  Wells  penetrating  the  compact  clay  of  the  upper  Grand  Gulf 
obtain  abundant  water  at  various  horizons.     No  flowing  wells  are  reported. 

Lowndes  County. — Tombigbee  River  approximately  marks  the  division  between  the  out- 
crop of  the  Eutaw  sands  and  the  Selraa  chalk.  There  are  in  Lowndes  County  140  wells,  15 
of  which  are  in  tlu^  city  of  Columbus.  On  the  east  side  of  the  river  they  all  flow,  and  on  the 
west  side  th<»y  rise  to  a  convenient  pumping  height.  In  the  river  valley  it  is  necessary  to 
l>ore  only  2(X)  to  300  fex^t  for  water.  One  well  at  Columbus  400  feet  deep  is  reported  to  have 
a  temperature  of  70°. 

Madiaon  County. — Big  Black  and  Pearl  rivers  form,  respectively,  the  southeast  and 
northwest  lK)undaries  of  Madison  County,  and  opposite  Canton  they  approach  within  16 
miles  of  each  other.  The  divide  l)ctween  the  two  rivers  is  quite  narrow,  with  a  long  slope 
to  the  Big  Black  and  a  short  stoe|)er  slope  to  the  Pearl. 

A  large  part  of  the  couHty  lies  sufliciently  low  to  have  artesian  wells.  Flowing  wells 
should  Ik»  obtained  anywliore  along  the  Pearl  River  Imttom  on  the  east,  and  also  along  the 
Big  Black  at  a  maxin)tim  depth  of  1,0(X)  feet.  At  the  same  maximum  depth  flowing  wells 
should  1)0  obtained  anywhere  along  the  Illinois  Central  Railroad  north  of  Calhoun,  with 
possibly  the  exception  of  Davis  .station,  north  of  Canton. 

Th<;  fine,  wholesome  water  t>l)tained  in  the  Bolton  well  at  a  depth  of  1,080  feet  can  be 
struck  In  southwastern  Madi.son  C'ounty  at  alxjut  800  feet  and  le^,  and  in  many  places  it  will 
ris<'  to  the  surface.  At  the  town  of  Canton  good  water  was  obtained  at  460  feet  which  rose 
to  within  40  feet  of  the  surface.  The  water  in  the  city  waterworks  well  (No.  226),  which  is 
1,020  feet  deep,  is  called  soft,  but  has  a  mineral  taste  and  odor.     Its  temperature  is  74°. 

Marion  (?OMn/y.— Artesiay  wells  are  easily  obtained  in  Marion  County  along  the  low-lying 
land  adjacent  to  Pearl  River.     There  are  a  large  numl)or  of  wells,  with  an  average  depth  of 
425  hot,  in  and  near  the  town  of  Columbia.    The  v^a-teT  \s  \w\i\cTft.Uzod,  containing  sulphur, 
iron,  and  sodium,  but  it  is  considered  sott  and  \a  uaeA  lot  dowve&Wc,  ^\Mv»eRa, 
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MarfthaJl  County. — ^The  high  elevation  of  this  county  makes  it  impossible  to  get  flowing 
lis,  except  perhaps  along  Tallahatchie  River  in  the  southeast  comer.     There  is,  however, 
abundant  water  supply  for  all  ordinary  purposes  in  the  Lafayette  and  the  underlying 
ilcox  sands. 

The  Wilcox  sands  here  are  often  unconsolidated  and  thus  form  a  natural  filter  for  the 
irm  waters.  On  account  of  the  porosity  of  the  sand  and  the  readiness  with  which  the 
.ter  sinks  into  the  earth,  care  should  be  taken  in  locating  wells  in  the  towns  and  in  places 
lere  the  surface  water  is  apt  to  become  contaminated.  Filtering  water  is  not  sufficient  to 
nove  from  it  the  typhoid  germs. 

Monroe  County. — The  western  part  of  Monroe  County  is  underlain  by  the  Selma  cha]k,the 
stem  half  by  the  Tuscaloosa,  and  a  narrow  strip  along  Tombigbee  River  by  the  Eutaw. 
le  highest  part  of  the  county  is  in  the  Tuscaloosa,  which  is  the  source  of  the  artesian  waters 
the  west.  The  water-bearing  sands  have  a  west  to  southwest  dip  of  about  30  to  35  feet  to 
»  mile. 

A  well  near  Caledonia  (No.  233)  had  a  most  remarkable  flow,  the  water  rising  with  such 
x^  that  it  was  found  impracticable  to  put  down  any  casing.  Enough  sand  and  clay  was 
^ed  out  to  obstmct  Buttahatx^hie  River.  The  well  fmally  clogged  itself  and  ceased  to 
w.  Two  others  of  like  dimensions  were  bored  by  the  same  owner  with  similar  results. 
Flowing  wells  are  obtained  along  the  valley  of  the  Tombigbee  at  a  depth  of  about  300  feet, 
the  prairie  region  to  the  west  the  water  rises  to  within  60  to  75  feet  of  the  surface  but  does 
tflow. 

Monigomery  County. — ^The  eastern  part  of  Montgomery  County  marks  the  eastern  border 
the  Tallahatta  buhrstone.  The  hills,  however,  are  not  sufficiently  high  to  get  flowing 
lis  over  the  western  part  of  the  county.  There  is  a  po/tsibiiity  of  getting  flowing  wells  in 
)  southeastern  part,  along  Big  Black  River. 

The  water  from  the  deep  wells  in  Winona  is  unusually  pure  and  valuable  for  drinking  pur- 
aes  and  for  use  in  boilers.  The  following  interesting  log  of  one  of  these  deep  wells  (No. 
5)  was  kept  by  Mr.  R.  A.  Allison: 

Log  of  deep  weU  in  Wxjwnay  Miss. 

Feet. 

U  and  day 26 

ange-colored  aand 10 

Hue  marl " (?) 40 

?nlte 5 

rtcksand 15 

Ujk  clay 50 

arae  sand  and  fair  supply  ol  water 10 

?nlte 10 

Uuemarl"  (?) 35 

ae  sand 15 

ly 10 

ilcksand 60 

ty 40 

tie  sand,  coarse  on  top 25 

own  clay 35 

arse,  water-bearing  sand,  with  gravels  at  top 27 

Total  depth 412 

The  temperature  of  the  water  is  65°  F.  The  50-foot  bed  of  black  clay  beginning  at  a  depth 
95  feet  below  the  surface  is  the  heavy  l)ed  of  black  clay  at  or  near  the  top  of  the  Wilcox, 
the  town  of  Grenada,  24  miles  north  of  Winona,  the  black  clay  shows  in  the  bank  of  Yalo- 
sha  River.  At  the  top  of  the  high  hill  4  miles  west  of  Grenada  the  hard  quartzitic  sand- 
me  of  the  Tallahatta  forms  the  cap  rock.  The  same  Tallahatta  buhrstone  is  found  in  the 
Is  west  of  Vaidcn.  The  heavy  l)ed  of  black  clay  coming  at  or  near  the  top  of  the  Wilcox 
1  l>c  traced  from  Winona,  Miss.,  in  well  sections  and  outcrops  to  Memphis,  Tenn.  . 
Neshoba  County. — No  artesian  wells  have  U'cn  reported  in  Neshoba  County.  G(M)d  shal- 
e-well water  is  obtained  in  the  Lafayette,  while  water  at  a  greater  de^th  ma."^  V**,  WA.-a.vvVvi 
se  of  the  CJaiborae  in  the  southwestern  part  of  the  county. 
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NetPton  CouTdy. — ^There  are  five  diflferent  geologic  formations  represented  in  Newtod 
County.    The  Wilcox  and  Tallahatta  buhrstone  are  in  the  northeastern  portion,  the  Lisbon 
beds  in  the  center,  and  the  Jackson  calcareous  clays  in  the  southwest.    The  Lafayette  over-  ! 
lies  all  these  formations. 

There  are  a  number  of  flowing  wells  in  the  southeast  comer  along  Chickasawhay  River, 
which  obtain  their  supply  from  the  buhrstone.  At  the  town  of  Chunkey  the  wells  are  cased 
only  to  the  buhrstone,  which  in  well  No.  238  was  at  16  feet. 

An  analysis  of  the  water  from  weW  No.  242,  at  Hickory,  shows  the  principal  mineral 
ingredients  to  be  sodium,  calcium,  and  magnesium  bicarbonates,  but  the  water  b  not 
decidedly  alkaline. 

Noxubee  County. — The  greater  part  of  the  surface  of  Noxubee  County  is  a  rolling  prairie 
sloping  southeastward  to  Tombigbee  River.  Flowing  wells  are  obtained  along  the  valleys 
of  Tombigbee  and  Oaknoxubee  rivers.  Over  the  remaining  part  of  the  Selma  prairie 
water  will  rise  to  within  good  pumping  distance  of  the  surface.  Mr.  Ladd,  of  MacoD,  who 
has  been  in  the  well  business  for  fifty  years,  reports  that  water  will  in  general  rise  to  an  alti- 
tude of  218  feet  above  sea  level  in  this  region.  The  dip  of  the  beds  is  reported  to  be  25  feet 
to  the  mile  south  westward. 

The  water  from  well  No.  249,  at  Macon,  is  alkaline  and  gives  trouble  in  the  boilers  if  lued 
when  fresh,  but  after  standing  it  can  generally  be  used. 

There  are  three  wells  (No.  250)  on  the  farm  of  Mr.  Dent,  10  miles  east  of  Macon,  which 
average  650  feet  in  depth,  and  nearly  every  plantation  has  one  or  more. 

Oktibbeha  County. — ^The  western  border  of  the  Selma  prairies  is  in  the  central  part  d  this 
county.  The  Porters  Creek  clays  and  Wilcox  formation  come  to  the  surface  in  the  western 
half.  The  Lafayette  covers  but  a  small  part,  chiefly  in  the  west.  The  great  thickness  of 
the  Selma,  which  is  barren  of  water,  makes  it  di$cult  to  get  good  water.  Artesian  wattf 
is  ohtainod  in  the  northeast  comer  at  a  depth  of  about  900  feet.  At  Starkville,  11  mil^ 
southwest  of  Muldrow,  water  is  obtained  at  a  depth  of  900  feet,  which  shows  a  westward  dip 
of  tho  strata  of  33  ivet  to  the  mile.  The  water  in  the  Starkville  well  (No.  253)  rises  to  within 
130  feet  of  the  surface. 

Well  No.  254,  at  the  Agricultural  and  Mechanical  College,  has  a  100-foot  Cook  strainer 
The  first  wat^r  wa.s  from  a  50-foot  bed  of  .sand,  beneath  which  is  a  stratum  of  clay  10  M 
thick,  and  a  layer  of  .sand  35  feet  thick.  The  strainer  extends  through  both  water-bearinl 
strata. 

Panola  County. — The  high  hills  of  the  Wilcox  formation  occupy  the  eastern  part  of  Panoli 
County,  and  the  low-lying  Port  Hudson  sands  and  clays  the  western  part.  The  source  oJ 
the  artesian  water  is  the  Wilcox  sands,  which  outcrop  in  the  hills  east  of  Oxford.  The  Porl 
Hudson  hero,  as  at  all  other  places  in  the  Yazoo  Delta,  furnishes  a  large  supply  of  impun 
surficial  water. 

The  only  flowing  wells  reported  are  in  the  town  of  Batesville.  The  city  well  (No.  255 
flows  a  strong  stream  of  water  which  has  stained  the  pipe  and  trough  with  iron  oxide.  1 
Ls  used  for  general  domestic  purposes  and  is  considered  a  wholesome  drinking  water. 

Pearl  ffitvr  County. — The  population  of  this  county  is  very  small  and  the  water  resounn 
are  undeveloped. 

Perry  County. — Perry  is  one  of  the  few  counties  of  southern  Mississippi,  except  the  Gu 
coast  counties,  which  have  artesian  wells.  A  large  number  of  flowing  wells,  ranging 
depth  from  3^5  to  380  feet,  have  been  drilled  in  and  near  Hattiesburg.  Very  little  efTo 
has  been  made  to  get  flowing  wells  in  other  portions  of  the  county.  In  the  eastern  pai 
along  Leaf  River  and  its  northern  tributaries,  flowing  wells  should  be  obtained  at  about  tl 
same  horizon  as  those  at  Hattiesburg. 

The  town  of  Hattiesburg  is  supplied  with  water  from  flowing  wells,  one  4  inches  ai 
another  0  inches  in  diameter,  the  water  being  pumped  from  a  reservoir  through  the  tow 
This  water  is  alkaline  and  chalybeate. 

Pike  County.— In  the  greater  part  of  this  county  the  Lafayette  lies  deep  on  the  (irai 
Gulf  cJays.     Wherever  the  former  is  cut  through  by  erosion  large  springs  occur. 
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Pontoioe  County. — ^Tlie  uppermost  formation  of  the  Cretaceous  comes  to  the  surface  in 
the  eastern  part  of  Pontotoc  County,  and  the  lower  Tertiary  appears  in  the  west.  The 
Ripley  sands  are  water  bearing.  Along  the  headwaters  of  Tallahatchie  River,  in  the  north- 
oeDtral  part,  flowing  wells  are  obtained.  Over  the  remainder  of  the  county  the  elevation  of 
the  country  lying  west  of  the  catchment  area  of  the  Ripley  sands  is  too  great  to  get  flowing 
veils,  except,  perhaps,  along  the  headwaters  of  Shooner  River,  in  the  southwestern  part. 

Efforts  have  been  made  to  get  flowing  wells  at  the  town  of  Pontotoc,  but  without  success. 
It  should  be  remembered  that  this  town  is  located  on  the  crest  of  Pontotoc  Ridge,  the  north- 
ern extension  of  which  is  the  source  of  the  flowing  wells  in  the  vicinity  of  Ecru.  Pontotoc 
is  more  than  100  feet  higher  than  Elcru,  where  the  water  rises  only  to  the  surface.  It  is 
very  improbable,  therefore,  that  flowing  water  could  be  obtained  at  Pontotoc.  Considering 
the  dip  of  the  underlying  Cretaceous  to  be  constant,  good  pumping  water  from  the  Tusca- 
loosa-EUitaw  horizon  may  be  expected  at  a  depth  of  893  feet,  and  it  should  rise  to  within 
250  feet  of  the  surface.  The  same  water  in  the  southern  part  of  the  county  would  be  obtained 
it  a  still  greater  depth. 

PrentiM  County. — The  high  east-west  ridge  across  this  county  makes  it  impossible  to  get 
flowing  wells  anywhere  within  it.  Good  pumping  water  could  be  obtained  from  the  Tus- 
caloosa sands,  at  a  maximum  depth  of  500  feet,  in  the  vicinity  of  Booneville.  Tlie  water 
would  rise  to  within  about  260  feet  of  the  surface,  and  perhaps  less,  depending  on  the  ele- 
▼atbn  of  the  catchment  area  to  the  east. 

Quitman  County. — The  Wilcox  sands,  which  furnish  the  flowing  wells  at  Batesville,  con- 
tmae  their  westward  dip  of  about  16  feet  to  the  mile,  and  in  Quitman  County  the  wells  range 
in  d^th  from  636  to  860  feet.  One  well  furnishes  100  gallons  per  minute  from  a  2i-ii><^h 
pipe.    One  of  the  deep  wells  at  Riverside  (No.  278)  has  the  following  interesting  log: 

Log  of  well  at  Rivernde. 

Feet. 

IStndaodsilt 40 

8.  Blaemad 45 

7.  Water-bearing  sand SO 

i  Gravel  sand 40 

5.  Soapstone  alternating  with  sand 220 

IRock 1 

I  Soapstone  and  rock SO 

2.  Green  sand  to  lignite  whi^h  is  10  inches  thick 10 

1.  Soapstone  containing  mica  and  white  sand 180 

Total  depth 636 

Nob.  1  to  5,  inclusive,  are  strata  in  the  Wilcox,  while  the  upper  175  feet  belong  to  the 
Port  Hudson  formation.  The  370  feet  represented  by  Nos.  3,  4,  and  5  are  the  upper  clay 
of  the  Wilcox,  which  is  shown  in  the  Memphis  well  and  outcrops  in  the  river  bed  at  Grenada. 
Rankin  County. — Flowing  wells  are  not  possible  in  this  county,  except  along  Pearl  River. 
Wells  in  the  southern  part  of  the  county  are  supplied  from  the  Grand  Gulf  formation.  The 
water  is  often  strongly  mineral,  as  it  comes  from  lignitic  clays  and  sands.  Strong  springs 
are  common  in  the  western  part  of  the  county.  Some  of  the«o  spring  waters  are  hauled  to 
Jackson  in  large  demijohns  and  sold  for  drinking  water. 

Seoit  County.— About  half  of  this  county  is  prairie  land  of  the  Jackson  formation.  The 
town  of  Forest  is  in  a  belt  of  level  land  or  "flat  woods,"  5  to  10  miles  wide,  running  from 
the  southeast  to  the  northwest  corner  of  the  county.  When  water  is  found  in  this  prairie 
soil  it  is  very  unsatisfactory  for  drinking,  as  it  contains  a  large  amount  of  lime.  At  Forest 
one  well  is  reported  to  be  520  feet  deep.  This  failed  during  the  fall  of  1903  and  a  new  one 
was  drilled  later.  Here  and  there  over  the  prairie  are  hills  and  ridges  covered  with  rem- 
naots  of  the  Lafayette,  which  furnish  excellent  water  in  shallow  wells  and  springs.  Good 
de^>-well  water  can  be  obtained  from  the  Claiborne  horizon  at  500  to  700  feet.  In  some 
sections  of  the  county  the  water  will  rise  very  near  the  surface. 

Sharkey  County. — No  welLs  are  reported.     Flowing  wells  are  not  io  lift  Qfe.l%.vasA..    <^««^ 
whokBome  WBterfrom  the  Cl&ihorno  horizon  would  be  reacVveA  «X  «LV»o>\\.\,t**^  V^«X- 
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Simpson  County. — Water  is  obtained  from  the  Grand  Gulf  and  tlfe  Lafayette.  Flowing 
wells  could  doubtless  be  obtained  along  Pearl  River  at  a  maximum  depth  of  500  feet. 

Smith  County.— The  elevation  is  high  and  the  water  is  poor  in  the  northern  part  of  the 
county.  Flowing  wells  from  the  lower  Grand  Gulf  are  obtained  in  the  southeastern  part, 
in  the  vicinity  of  Taylorsville.  The  deepest  (No.  281)  in  the  county  has  a  depth  of  l,135feet. 
The  strata  passed  through  are  as  follows  (no  thicknesses  are  given):  Surface  day, sand, 
blue  sand  mixed  with  sand,  sand  rock,  blue  mud,  and  sand.  Water  was  obtained  id  white 
sand. 

Sunfioicer  County. — Only  two  wells  have  been  reported  from  Sunflower  County.  The 
temperature  of  the  Moorhead  well  (No.  287)  is  60°  ( ?).  The  Claiborne  horizon  lies  at  a  depth 
of  more  than  1,000  feet  in  the  western  part  of  the  county,  and  the  water  will  not  generally 
rise  above  the  surface.  In  eastern  Sunflower  County  it  is  possible  to  get  good  flowing  welVt 
at  about  900  to  950  feet.  In  boring  for  water  a  depth  of  900  feet  on  the  eastern  border  of 
the  county  should  be  counted  on,  with  an  additional  25  feet  for  each  mile  to  the  west. 

Tallahatchie  County. — This  county,  like  Leflore  County,  which  lies  just  south  of  it,  ha? 
high  hills  in  the  adjoining  county  to  the  east.  Drillers  say  that  it  is  more  difficult  to  obtain 
flowing  wells  in  Tallahatchie  than  in  Leflore  County.  This  is  perhaps  due  to  two  causes. 
The  arte.sian  water  in  Leflore  conies  from  the  Claiborne  horizon,  while  that  in  Talla- 
hat<*hie  corner  from  the  Wilcox.  There  is  also  a  possibility  that  the  water-bearing  sands 
underlying  Tallahatchie  County  may  be  much  finer  and  mixed  with  clay,  which  would 
make  the  water  horizon  less  certain. 

Tate  County. — No  artesian  wells  are  found  in  Tate  County.  The  wells  in  the  eastern 
edge  of  the  Yazoo  Delta  in  this  county  along  Coldwater  River  have  the  following  general 
se<'tion:  Surface  clay  15  to  20  feet,  gravel  12  to  15  feet,  red  sand  merging  into  white  sand, 
l)elow  which  come  pipe  clay  and  water-bearing  sand.  East  of  the  delta  good  shallow 
wells  and  springs  are  found  at  the  base  of  the  Lafayette. 

Tippah  County. — The  eastern  part  of  Tippah  CJounty  has  a  north-south  line  of  high 
hills  in  which  the  Ripley  formation  outcrops.  This- formation  furnishes  fine  water,  which 
has  not  boon  found  to  rise  alwve  the  surface.  There  is  a  possibility  of  getting  flowing 
wells  on  Tippah  Creek,  in  the  we.stern  part  of  the  county. 

The  outcrop  of  the  Midway  liiiie^stone  is  marked  by  a  line  of  springs,  the  water  of  which 
Is  clmlyl)eate.  It  obtains  its  iron  in  pa^ssing  through  the  sandy  marl  lying  above  the 
limestone.  ^ 

Tishomingo  County. — This  county  contains  numerous  springs  along  the  contact  of  the 
older  Devonian  and  Carboniferous  rocks  with  the  lower  Oetaceous.  The  luka  Springs 
are  noted  for  their  curative  properties. 

Tunica  County. — Flowing  wells  can  be  obtained  in  the  eastern  half  of  Tunica  County  at 
a  maximum  depth  of  875  feet.  The  water  will  probably  not  rise  above  the  surface  along 
the  western  border,  but  will  reach  within  an  easy  pumping  distance. 

Union  County. — Central  Union  and  north-central  Pontotoc  counties  contain  a  small 
area  of  artesian  wells.  The  source  of  the  water  is  the  lower  Ripley  sands  on  the  west 
slope  of  Pontotoc  Ridge,  in  the  eastern  part  of  these  counties.  The  catchment  area  of 
the  RipIcY  is  comparatively  limited,  and  the  head  of  the  water  has  been  considerably 
lowen»d  by  increasing  the  numl)er  of  wells.  The  first  wells  at  New  Albany  had  a  very 
high  pressure,  hut  most  of  them  now  have  to  bo  pumped.  Water  is  generally  reached  at 
a  depth  of  less  than  250  feet. 

Warren  County. — Only  one  deep  well  is  reported  from  Warren  County.  This  is  the 
Vicksburg  well,  which  is  1,060  feet  deep,  and  in  which,  when  it  was  completed,  the  water 
rost>  to  the  surface.  Wells  south  of  Vickshurg  obtain  their  supply  from  the  Grand  Gulf 
and  the  Ijafayette;  those  north  of  the  town  from  the  Lafayette  only. 

Washington  County. — No  flowing  wells  are  reported  from  Washington  County.  The 
westeni  part  is  too  far  removed  from  the  sources  of  the  water  to  obtain  flowing  wells, 
but  artesian  wells  should  be  obtained  in  the  eastern  part  at  a  murimum  depth  of  1,200 
feet  and  perhaps  Jess.     Flowing  wells  are  obtained  at  Tchula,  in  central  Holmes  County 
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it  a  depth  of  about  770  feet.    If  we  assume  a  westward  dip  of  25  feet  per  mile,  the  same 
water  can  be  reached  at  Belzona  at  about  1,150  feet. 

The  following  log  was  given  of  the  deep  well  (No.  307)  at  Leland.  This  well  is  512  feet 
in  depth  and  rises  to  within  14  feet  of  the  surface. 

Log  of  deep  well  at  Leland. 

Feet. 

Buckshot  day .- 2 

Fine  sand 138 

Hard  gravel •. H 

Hard  blue  clay 298 

Coarse  gray  sand GO 

612 

Water  was  obtained  in  the  last  60  feet  of  sand.  In  the  298  feet  of  hard  clay  there  were 
six  diflferent  strata  of  rock  from  6  inches  to  2  feet  thick.  The  driller  reports  that  these 
rock  strata  are  persistent  over  this  region  of  the  Yazoo  Delta.  In  some  wells  ten  or  twelve 
different  strata  are  found ,  and  in  others  not  more  than  three  or  four.  The  maximum 
thJckness  of  these  rocks  Ls  4  feet.  The  driller  further  says  that  the  hard  gravel  is  very 
persistent,  is  always  found  at  about  the  same  depth,  and  is  never  less  than  10  nor  more 
than  14  feet  thick.  The  water  carries  9  grains  of  solid  matter  to  the  gallon,  7  grains  being 
soda. 

Wayne  County. — There  are  numerous  flowing  wells  along  Chickasawhay  River  in  Wayne 
County.  The  water  comes  from  the  Claiborne  horizon  and  is  usually  red  and  of  an  alka- 
line character. 

Well  No.  309,  at  Waynesboro,  yields  red  water,  which  contains  72  grains  of  sodium 
carbonate  to  the  gallon  and  considerable  iron.  All  the  wells  at  Waynesboro  start  in  a 
thin  sandy  layer,  possibly  Lafayette,  w^hich  rests  upon  the  Vicksburg,  and  reach  the  lower 
Lisbon  beds,  from  which  they  obtain  red  water. 
WebfUer  County. — No  deep,  wells  are  reported.  Water  is  supplied  from  shallow  wells. 
Wilkinson  County. — No  deep  wells  are  reported.  Water  is  supplied  from  shallow  open 
wells. 

Winston  County. — Plenty  of  water  is  obtained  from  the  Wilcox,  but  at  many  localities 
it  is  very  bad,  owing  to  the  great  amount  of  lignitic  clay. 

Yalobusha  County. — There  arc  two  artesian  areas  in  Yalobusha  County,  one  in  the  vicin- 
ity of  Coffeeville  and  the  other  at  Water  Valley,  but  there  are,  no  doubt,  other  undeveloped 
areas  along  the  lower  streams.  The  source  of  the  artesian  water  at  the  above-mentioned 
places  is  the  lower  division  of  the  Wilcox. 

Tliere  are  eight  flowing  wells  in  the  town  of  Coffeeville  and  three  others  near  the  city 
limits.  They  range  in  depth  from  160  to  400  feet.  The  log  of  well  No.  315  showed  40 
feet  of  surface  sand;  100  feet  of  greensand;  then  gravel,  lignite,  and  sand  to  water,  which 
was  obtained  at  238  feet.  Where  the  water-bearing  sand  was  encountered,  the  drill 
dropped  8  or  9  feet  into  it.  This  is  a  white  sulphur  water  and  is  said  to  be  wholesome. 
Wells  are  easily  obtained  in  Shooner  River  Valley,  and  the  drillers  guarantee  a  flowing 
well  at  a  cost  of  $100. 

Yazoo  County. — One  of  the  deepest  wells  (No.  319)  in  the  State  was  recently  drilled  at 
Yazoo.  It  failed  to  get  flowing  water  at  a  depth  of  1,567  feet,  though  there  are  flowing 
wells  in  the  town  of  less  than  half  that  depth.  The  temperature  of  one  of  the  flowing 
wells  southwest  of  town  is  reported  to  be  70°  F. 
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DEBP-TTEUL  REC0RD9 

Partial  list  ofdup  vdU 
(Reported  to  th«  United 


No. 


♦9 
*10 

♦11 

*12 

13 

14 

15 

16 

*17 
*18 

19 
♦20 

♦30a 


County. 


Adams. 


-do. 
.do. 
.do. 

.do. 
.do. 
.do. 

.do. 


....do.. 
Alcom. 


do.. 

Attala.. 
Bolivar. 


do.. 

do.. 

Carroll.. 


.do. 
.do. 


Choctaw.. 
♦21ai  Claiborne. 


♦22     Clarke. 


♦23  I. 
♦24  L 

^!. 

♦26  I. 

27  ]. 

28  . 

♦29  ,. 

I 
30  1. 

♦31  !. 

32  I. 


.do. 
.do. 


.do 

.do 

.do 


Town. 


Natchez. 


do 

Chickasaw 


-do 

-do 

.do 

.do 

.do 


.do. 
.do. 
.do. 

.do. 
.do. 
.do. 

.do. 


Pino  Rid0p  < 
Corinth 


do 

Kosciusko . 
Cleveland. . 


do 

O'ReiUy  .. 
Carrollton . 


.do. 
.do. 


Vaiden... 
Okolona. 


.do. 


Chester 

Herman  villi'. 

Bamctt 

do 


Owner. 


W»t«rworkaCo. 


OUmUis 

£l(Ktrtc  Light Jfoat 
and  Power  Co* 

C.e»  Bennett 

rottnmnfltsNa.^.., 
Natchec  ice  factory. 


.do. 


W.  P.IIondereon. 
E.S.  Candler 


Waterworks  Co. 

A.M.Hanna 

Sillers  &  Owens. 


C.S.  Qlassco.. 

O'Reilly 

A.  II.  George. 


City 

Waterworks  Co. 


8.  E  Turner. 
City 


Ohio 


Mobile   and 
Railroad. 

JT  (tfcCalfcrlF... 

W  G.llorrlngton. 

A.  Krotisfi 

Smith's  Mill  Co... 


DeSoto Town 


Enterpristi. 

....do 

....do 

....do 

....do 


do 

R.M.Buckley. 
John  Kemper. 

Bonny 

S.J.Taylor — 


....do Mrs.O'Ferral 

Quitman I  J.B.Evans 

do Mississippi  Lumber 


Co. 


Location. 


19 


1901 


1800 
1902 
1902 

1902 

1806 
1900 

1903 

1899 
1901 

1901 

1901 

1896 

1900 
1900 

1901 
1899 


1802 
1878 
1899 
1902 
1898 

1895 
1896 
1901 
1901 
1900 

1900 
1898 
1899 


in. 


Feet. 
340 

170 
165 
430 

115 
175 
517 


97 
100 

345 

276 

1.000 

1,000 

1,002 

85 

1,250 
400 

105 
550 


86 
86 
350 
600 
190 

156 
198 
150 
200 
210 

400 
232 
179 


ri^ 


ti 

iii 

^3 

li.» 

Oi. 

co^ 

s^ 

?• 

'Jp+i 

fi 

r 

Feet 

;.J 

1-  30 

:-»l 

-  10 

-leo 

851 


500-8 


264-36 


100  ' 


.-*! 

200-76 
1,000    +    0  i 

1,000  '4-     0  I 

+    0 


I 
70    -  70 


l»} 


400  ,4-     0 


105  ;+   12 

550  I  -  80 

I 
473    -  22 

I 
80-60 
75  ;-  75 
125  I       - 


150+3 


150 

+  20  1 

-     2| 

150 

-H    15  1 

-H    10 

210 

-     3I 

210 

-20! 

232 

I-H   15 

179 

!+  20 

♦  See  text,  pp.  27-»,  lot  ikA<i\Uoi»X  ^x«b. 
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DEEP. WELL  RECORDS 

Partial  list  o^detf  vth 


County. 

Town. 

Owner. 

I^ocation. 

1 

o 

1 
1 

U'lu 

m. 

No. 

1 
o 

, 

1 

•3 
o 

1 

♦33 

Clarkn 

Quitman 

Shubuta 

.  .do.. 

Town 

2 

15 

1 

1896 
1898 
1901 

1902 
1900 
1901 
1902 
1900 

1901 

1901 
1897 
1900 
1896 
1900 

1899 

1900 

1901 
1902 
1897 

1895 

1%. 

\ 

2 

6 
2 
2 
2 
2 

2 
o 
2 
2 
2 
2 

2 

2 

2 
2 
2i 

3 

Feet. 
175 
400 

F<rt.|  Ffet. 
175  ,f  15 

^4 

do 

•do 

.do 

!+.5i 

♦35 

Weeras 

422  '    400  +  » 

36 

do 

do 

do 

r 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

.do 

W.  P.  Cooper 

420      375+31 

37 

W.  H.  Patcrson 

400 
400 
170 
165 

175 

lf50 
145 

400  r2fJ 

38 

F.H.Floyd                L. 

1 

400  i-  20 

39 

D.C.Ward '.... 

i 

-no 

40 

W.  P.  Cooper ' 

+  0 

41 

Moselcy 

ItiO  4-  10 

42 

Patterson 

! 

.r  10 

*4:> 

Cooper's  mill. 

-   20 

44 

Stovall 

165   '*  >5 

*4.') 



.do. 

....do 

A.  Johnston 

1 

16 

25 

280 
175 

165 

175 

165 

2«)'^30 

46 

do 

do 

Eggerton 

+  10 

47 

do 

do 

Floyd  Hotel 

4-  10 

4S 

.do 

.do 

Poole  &  Brown 

r  i" 

49 

do 

do 

do 

Clay 

do 

Coahoma 

do 

do 

do 

Copiiih 

Gronada 

Hancock 

do 

do 

^' 

'; 

do 

do 

do 

do  

Stonewall 

West  Point... 

C^'dar  Bluffs .. 
Eaglos  Nest. . . 

Clarksdale 

Jonestown 

I^.von 

Wesson 

Gronada 

Bay  St.  I>ouis 

...  .do     . 

Brown's  mill 

+  10 

50 

170  ' -1" 

51 
♦52 

T.L.WainwriKht.... 
City 

3 

15  K 

5 

300      iVI  +  * 
600      «iOO  +    1 

*.V>H 

do 

650  1    «V50  -l"^ 

*53}i 

James    L.    Alcorn's 
estate. 

Town 

•28 

3 

22 

189S 

1897 
1902 

1901 
1890 

1* 

2i 
2 

4 
36 

825  1    Sii  +   t' 
876      876  +  10 

54 
♦5.5 

♦V>ii 

Geo.  Uichberger 

Lamar  Fontaine    .. . 

Dr.  E.  A.  Rowan 

City 

28 

27N 
9 

6 

3W 

8E 

18 
34 

800      700  '   " 

975      970  -  >^ 
120      120  -1* 
020      W  +   '^ 

♦->7 

College 

1 

18S8 

1892 
1901 

1888 

1898 
1890 

1903 

1 

3 

3 
3 

2 

3 
3 
3 

738    -^ 

♦58 

.do 

i 

730,  ''^ 

♦59 

do 

de 

R.E.Craig 

1 

529  ' +  '■ 

♦60 

G.W.Dunbar  Sons' 
Co. 

do 

i 

250    -•', 

♦fll 

1 
1 

338' ^-l- 

♦6? 

do 

do 

1 

Dr.  F.  Loelwr L.-. 

«69     sai  +* 

*^\ 

McClyde      Turpen- 
tme  Co. 

.128    +  -' 

♦  See  text,  pp.  28-."*),  for  additional  data. 
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X  MISSISSIPPI— ConUnued. 

II  the  Stale  of  Misgissippi — Continued. 


How  o'i>- 

tainedat 

1    surface. 

Quality. 

1 

1 

^1 

Increase  or 

decrease  of 

supply. 

Effect  of  pump- 
ing on  level 
of  water. 

Geologic 
horizon  of 
well  mouth. 

Geologic  hori- 
zon of  principal 
water-bearing 
stratum. 

No. 

Flows 

Soft.... 
....do... 
....do... 

Gala. 
3 
20 

Variable 

Lafayette  . . 
Jackson  

Wilcox 

*33 

do  .  ... 

Decreased 

Claiborne 

Claiborne 

do 

•34 
«35 

do 

None   appar- 
ent. 
do 

Jackson 

do 

do      .  . 

Soft 

....do... 
....do... 

....do... 

....do... 
.-..do... 

40 
40 
40 
15 
15 

15 

15 
20 
10 
15 
10 

10 

10 

10 
15 
25 



36 

do 

do 

do 

do...  . 

37 

1 do 

do 

do 

do 

38 

1 

'.     do 

do.       ..  . 

do 

do 

39 

...  do 

Dec  reased 
slightly. 

None   appar- 
ent. 

do 

1 do 

.  do 

40 

t      do 

do 

do 

41 

do 

do 

do 

4B 

do 

do 

do 

*43 

Flows 

do 

do.. 

do 

.      .do 

44 

...   do 

....do... 
....do... 

....do... 

....do... 

....do... 
....do... 
....do... 

Decreased.... . 

do 

do 

*45 

do     

None   appar- 
ent. 

Slight    de- 
crease. 

None   appar- 
ent. 

do 

do 

do 

46 

do 

do 

do 

47 

....:do 

do 

do 

48 

do. 

do 

do 

49 

do 

do 

do 

do 

50 

....do 

Decreased   25 
per  cent. 

None  appar- 
ent. 

Lafayette... 
do 

Wilcox 

51 

....do 

Beat 

Tuscaloosa 

do 

*52 

Selma. 

Alluvium?.. 

do 

52a 

Flows.   . 

Soft 

....do... 

8 

3 

8 

22 

None   appar- 
ent. 
do 

Wilcox..     .. 

53 

....do 

*53a 

....do 

....do... 

do 

River    bot- 
toms. 

Port  Hudson 

LAfAvette. . . 

Wilcox 

54 

....do 

....do... 

do 

*55 

Pomp. 

Flows. 

Hard.... 

Neither !  Slight 

Grand  Gulf 

Wilcox. 

*56 

. 1         do     ..  . 

*56a 

.    .do     

Soft 

....do... 

8 

5 
100 

35 

100 
40 
20 

Decreased 

Post-Terti- 
ary. 

do 

♦57 

...do 

1 
do - 



*58 

.    .do     

...do... 

None   appar- 
ent. 

do 

do 

Post-Tertiary... 

*50 

....do 

....do... 

do 

•60 

....do 

....do... 

do ! 1 do 

do 

♦61 

....do 

....do... 

None   appar-  ' 

do 

«62 

....do 

....do... 

do 

Poat-Tertlary.... 

•63 

ent.                1                            1 

iKR  159—06 i 
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UNDERGROUND-WATER    RESOURCES    OF   MISSISSIPPI. 

DEEP- WELL  RECORDS 
PaHiallUlofdeffwIk 


No. 


♦64 


•65 


^7  I 

68  ' 
♦69  I 
70 


County. 


Ilancook  . 


.do. 


....do. 
....do. 


...do. 
...do. 
...do. 


71    do 

72    do 


♦73 

♦74 

♦75 
♦76 

77  I 

♦78  I 

79 

I 
80 

81 
82  , 
83 

84' 

85; 

86  , 

87  I 

88  I 

89  I 

90  ' 

«'i 

92, 
93  I 
94 
95  I 


98  '. 

-!■ 

100  I. 

101  |. 
JOlfti. 


.do. 


do 

do 

do 

do 

do 

do 

Harrison 


Town. 


Bay  St.  Louis. 


.do. 


.do... 
.do... 


....do.... 
....do..., 
Logtown. 


Nicholson.. 
Picayune.. 

Waveland . 


-do... 
.do... 
.do... 
.do... 
.do... 
.do... 
.do... 
•do... 
.do... 
.do... 
.do... 
.do... 
.do... 
.do... 
.do... 


do 

do 

do 

do 

....do 

....do 

Biloxi 


....do. 

do. 

do. 

....do. 
....do. 
....do. 
....do. 
....do. 
....do. 
....do. 
....do. 
....do. 
....do. 
....do. 


Owner. 


Chas.  Sanger. 


.do. 


[St.  SUnislaus  Col- 
l    lege. 

St.  Joseph's  Acad- 
emy. 

R.Thelhiard 

Tally  Lumber  Co... 
Bush  &  Johnson... 


D.Carver 

J.W.Simmons. 


P.  Helwlg. 


Mr.  Bookta 

A.Matranger.. 
F.  Casencuve... 
M.  A.  Dauphin. 

T.  R.  Fell 

Paul  Conrad... 


Barataria  Canning 
Co. 

Biloxi  Canning  Co .  . 

Biloxi  Cemetery.  ... 

Biloxi  Ice  Co 

J  n  u.  C II  ri)  wiiy     

Mrs.  Carter. 

City 

....do 

....do 

F.H.  Dunbar 

Thos.  Gill 

H.  Howard 

F.  T.  Howard 

....do 

....do 


Location. 


.|..... 


1802 


1888 
1888 

1803 
1903 
18H9 

1896 
1895 

1891 


1894 


1889 
1888 
1889 
1886 

1902 
1896 
1894 
1896 
1896 


1891 
1895 
1885 
1885 
1886 
1886 


.do j  Ico  factory. 


.do 

.do 

.do 

.do 

.do ' do 

.do I do 

.do I  Bond. 


I 


I 


In.    Feet. 


m 


.1   1886 
'  1886  I 
1897 


do I  E.  C.  Joullian ' | j '  1901  | 

do j  L.Lopez 

do ! do 

do do i....i:::;i::::! 

J-n- Keller. |-.. .]....!....    I886  | 

Waterworks  Co ' ' ' 

J.E.North I....'.. 


385 


'^^l 


Fed.  F((t.' 

385  1+15'^ 


361  1+  30  1 
2'     <20|(^}+» 


418  •    418  ;+  30  I 


2i 

3 
3 
3 

''1 

.1I 
3| 

I 

'1 
2J 

H 

2*; 

21 
2 

'' 
2  I 

3i 

2| 

2J 

4J' 

2J' 

3,1 

?! 

2i: 
4i' 


345  I 

150  ; 

620 

j 

250 
500  I 

356  I 

3r}6  I 

f38  I 

376  ' 

483 

461 

432 

620 

715 

580 

920 

560 

600 

420 

414 

860  '. 

420  |. 

720  |. 

415 
920 
420  I 


r>50 

600 
620 
700 
420 
860 


+  13 

.'+  23 
.'+  25 


225  1+    0 
500   +  25 


.  +  15 


I 
330  +  0 
419  If  15 
3.'i7  f  15 
467  i+  23 
410  +  30 
412  !+  16 
1+  75 


400 


530 


.  +  6!t 

.1+  35 
.  +  75 

'r 

J+35 
.,.20 
.+  « 
.  +  30 
.'+70 

>30 

.;+  (^ 

.  +  ^ 

.  +  ^ 
.  +  -' 
-It 


♦  See  text,  pp.  7SyZ\,  \^x  ii<\A\V\oT\a\  Oia.Vv»., 
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t)- 
it 

Quality. 

a 
s 

K 

1 

Oais. 
5 

30 
40 

40 

45 
100 
60 
28 
27 

25 

75 
30 
30 
25 
30 
30 
150 

125 
70 

300 
70 
GO 
50 
35 

425 
40 

150 
50 
40 

175 
50 

300 

100 
50 
100 
175 

m 

450 


lDcre««eor 

decrease  of 

supply. 

Effect  of  pump- 
ins  on  level 
of  water. 

Geologic 
horizon  of 
well  mouth. 

Geologic  hori- 
zon of  principal 
water-bearing 
stratum. 

No. 

Soft 

Fluctuates. . . . 

Post-Terti- 
ary. 

do 

*64 

1 

....  ....do... 

None   appar- 
ent. 
do 

*ti5 

....  ....do... 

do 

Post-Tcrtlary... 

do 

«ti6 

';    ..o 

do 

do.   .. 

*67 

.      '        do. 

.do 

do 

68 

....!.. ..do... 

do 

..  ..do.. 

Post-Tertiary... . 

Grand  Gulf. 

Grand  Gulf 

*60 

....;.. ..do... 

do 

do 

70 

....'....do.. . 

Neither 

Port  Hudson 

Post-Terti- 
ary. 

do 

♦71 

do 

do 

72 

1 
....'....do... 

None   appar- 
ent. 
do 

♦73 

do... 

do 

♦74 

....'....do... 

do 

do 

♦76 

....L...do... 

do 

do 

♦76 

. .    '        do .    . 

.     .do.. 

..  ..do 

77 

....do... 

do 

do i    .      . 

♦78 

....do... 

do 

do 

79 

..  .do... 

do 

do 

80 

1 

do... 

do 

do 

81 

....'....do... 

do 

do 1 

82 

..    1  .  .do... 

..do 

..  ..do           '    . 

83 

....'....do... 

do 

do. ...     i 

84 

do... 

do 



do ' 

85 

do     . 

.do  .               

do 

86 

do... 

do 1 

...  .do     .. 

87 

do... 

do 

do 

88 

do... 

do : 

do 

89 

. .     - .    do . . . 

..do 

..do            ,     -     ' 

90 

do... 

do 

do 

91 

....l....do... 

do 

do 

92 

..       .    do 

do 

No  change ' 

None    appar-    

ent. 

do ' 

do ' 

do 

do 

^*^ 1 

...do 

do 

93 

do... 

..do  ... 

94 

do... 

do 

95 

do... 

do 

96 

'....do... 

do 

97 

do... 

do 

98 

....  '       do 
...    ...ao... 

..do 

99 

.do.. 

do ' 

100 

i....do... 

do ' 

101 

i....do... 

do 

1 

do ' 

Grand  Gulf 

101a 

46  UNDERGROUND-WATER   RESOURCES   OF   MISSISSIPPI. 

DEEP-WELL  RECORm 
Partial  list  of  detyvA 


No. 


County. 


Town. 


Harrison  . 


.do. 


I>eliiile. 


104  \. 

105  ' 

106  !. 

107  |. 

108  . 

109  . 
no  . 

Ill  I. 

♦112    . 

i 

! 

114  . 
114a'. 

115  '. 

I 

I 


1 . 


..do 

..do 

..do 

..do 

..do 

..do.... 

..do.... 

..do.... 

..do.... 

..do.... 

..do.... 
..do.... 
..do.... 


lU.    <lo 


117 
lis 
119 
120 
121 
♦1>! 

*\Zi  ' 

*124 

♦12.^. 

♦12ti 

♦127 

♦12S 

♦I'JU 

♦1,'«) 

♦i;n 
♦i.w 
♦i;« 

♦134 

♦i^) 

*IM\ 
♦137  , 


.do. 
.do. 
.do. 
.do. 


Gulfport. 


do 

do 

do 

do 

do 

IlandRboro... 

do 

do 

Howison 

Longlieach . . . 

do 

Lyman 

Mi.98i8(il  ppi 
(^Ity. 

do 


Owner. 


W.  8.  Keel. 


Location. 


U.  8.  Marine  Hospi- 
tal, Ship  Island. 

k¥iliM?lar7  — 

riiaiUiiuqtiA  CJn^Tfl.-. 

I  G.&8.LR.R ! 

I do 

I do 

'  Zimmemian..' 

H.  Leinhard. 

Leonard      Lumber 
Co. 

Howison  Lumber 
Co. 

F.Jahenslcl 


il 


4i        !   ^ 


i 

» 

_: 

a. 

« 

^ 

-: 

^S 

o 

1 

uS 

0 

C  k 

3) 

£ 

JS* 

J 

§• 

a 

» 

ft 

- 

2     18B8 


In.   Fi€t. 
I    2  i    380 


McCaughn. 

City 

F.W.  Elmer.... 


L.  «S:  N.  R.  R.... 


do 


Mr.  Cleniaccaii. 
C.  P.  Ellis 


1891 
1891 
1H96 
1899 
1903 
1896 
1896 
1895 

1897 

1896 

1897 


..do '  Mr.  Do  Buys 

..do Mr.  Sofia 

do j  Nugpiit 

do I  Pass  Chris-     U.  M.  VValmsloy . 


I 


..do. 
..do. 
..do. 
..do. 
..do. 
..do. 
..<lo. 


tian 
.d 


I  Will.  Hardin.. 

.do '  C.  L.  Chaptal. 

.do A.Swanson... 

.do E.  Saunders., 

.do I  City 

.<lo ! do 

.do ' do 


...do 

...do 

...do 

...do 

...do 

...do 

...do 


.do. 


.do 

.do 

.do 

.do 

.do 

.do 

.do 


do 

do 

do 

I.  Taylor.. 

I do 

'  E.  Connoryjr. 
j  L.C.  Tallon... 


(J 


I 


I 
.do I  .\.  MullirihurK<T 

♦See  text,  p.  31,  for  additional  data. 


CCfi 
¥€ft)  FftL 

! '+25 


•  +501 


I 


2|     540  ;  +3 

3  '    680  +3) 

680   +25 

930  ' +"5 

+« 
+  15 

too' +» 

700  ' 


2i 
3 

Al  960 
2^  500 
2i 
3  I 


2  'l,480  1,400    -35 


1806  ; 
1885 

1896 
1895 
1885  ] 
1902 
1902  ! 

1892  1 

1892 

1892 

1884 

1885 

1887 

1893 

1890 
1890 
1890 
1898 
1898 
1886 
1901 

1888 


24]    580 

2i    600  ' 
...      480 
8fi0 


375 
MO 


+25 
+» 


740 
?20 


2J      640    +'* 

2  I     514 


2J     :»io 


720 


+* 

300   -3n 

+J0 


tf- 


2J  543 

2i  .ViO 

2  '  575 

2  ,  420 

2i  521)   ^^ 


-* 


3l 

'I 
2 

3  I 
3  ■' 


620 

640 
62.5  ' 
840 
420 
725 

040    . 


+  .^T 


+* 

510    +^ 

..   +* 


2i!  514; +* 
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Howob- 
tAinedat 
sorlMe. 

Quality. 

1 

S 

2. 

1 

• 

iDcreaaeor 

decrease  of 

supply. 

Effect  of  pump- 
ing on  level 
of  water. 

Geologic 
horizon  of 
well  mouth 

Geologic  hori- 
zon of  principal 
water-bearing 
stratum. 

No. 

Flowf 

Soft.... 
....do... 

Oals. 
25 

None   appar- 
ent. 

do 

Post-Terti- 
ary. 

do 

Lafayette 

Grand  Gulf 

♦102 

do 

103 

1 

do 

do 

....do... 
-...do... 
....do... 
....do... 
....do... 
....do... 
....do... 
....do... 

60 
80 
60 
IfiO 
175 
60 
100 
176 

0 

60 

70 

do 

do... 

104 

do ' 

do ! 

do 

105 

do 

do 

106 

do 

do 

do 

107 

do 

do 

.  ...do... 

108 

do 

do 

do 

109 

do 

do 

:.! d„:::::: 

110 

do 

Variable 

Alluvium... 

Pascagoula 

111 

♦112 
113 

'  Flows 

Soft.... 
....do... 

None   appar- 
ent. 

do 

Post  Terti- 
ary. 

do 

; do 

114 

1 

do 

Grand  Gulf 

do 

114a 

Hows 

Soft.... 

....do... 

....do... 
....do... 
....do... 
....do... 
....do... 
....do... 

....do... 

450 

50 

160 
150 
70 
50 
60 
150 

170 
60 
70 
60 
40 

:: 

150 
150 
225 
25 
200 
60 
80 

£0 

None 

do 

115 

...do 

None   appar- 
ent. 
do... 

do 

116 

do 

do 

.  ..do 

117 

do 

do 

118 

do 

do 

do 

119 

; do 

do 

do 

120 

1 do 

do 

121 

do 

do 

Post  Terti- 
ary. 

do 

♦122 

do 

Little 

♦123 

' do 

....do... 

do 

do 

♦124 

do 

-...do... 

do 

do 

♦125 

L..do 

....do... 

do.   . 

do 

♦126 

do 

do... 

do 

<io      .... 

♦127 

, do 

....do... 

do 

do 

♦128 

! do 

....do... 
....do... 

None   appar- 
ent. 

do 

do 

♦129 

do 

do 

♦130 

' do 

....do.'.. 

..  -do 

.     .do  ..      1 

♦131 

do.. 

....do... 

do 

do 

♦132 

- do.... 

....do... 

do 

do 

♦i:« 

do 

....do.. 

do 

do...     . 

♦134 

do.... 

....do... 

None. 

.  ...do 

Grand  Gulf  7  .... 

♦135 

; do 

....do... 

None   appar- 
ent. 

do 

do 

♦136 

1 

i-...do 

....do... 

do 

♦137 

48  UNDERGROUND- WATER   RESOURCES    OF   MISSISSIPPI. 

DEEP- WELL  RECORDS 

Partial  list  ofdetp  wfQt 


No. 


County. 


Town, 


Ownur 


-       Si 


*!*> 

•141 
•143 

•143 
•144 
•I  45 
•1« 
♦147 
•  t4S 
•149 
*liO 
•IS) 

*m 

1^4 

iri3 

i.irt 
15T 


do..., 

do,.-. 

-...do,... 


Pna*  rhrii- 

..,.ijfl 

....do 

do „ 

do....... 

..„do.. 

....do 


W.  H.  Wttun. 


JlriLWfttt. .... 


.do. 
.do. 
.do. 

.do. 
.do. 
.do, 
.do. 
.do. 
.do. 
.rto. 


....do... 
„..do... 

....do... 


.do_,.., 

.do 

-do 


,.„do 

....do...... 

....do...... 

Shlplalftnd. 

Saltiior . 


.,.ilr*.... 


...dci- 


Wwrthitm  . 


,,..do,.. 


Jno.Currm... 

Jno.  A.  Sutx«r.  ,.,„ 

S.  F.Tlftftjdlp-, 

E.HocadAy.. 

Mi^xIcanGulf  Hot«l. 

H.  Buddig 

J.M.Ayer..... 

do..... 

PftM  P»cltl«ig  To .  „ 
Dodtor  iVratilt^^-. 
Ma^nollA  Hated 

n.  Pur™.. 

Gov.  tigbt-houM ... 

mioil  Lutt]l>orand 
Export  Co. 

J.r-Wllinoth 


IflOfl 
1887 

1SB4 
ISM 
18RS 
18S5 
1S8S 
IBM 
18SB 

lesi 
lati 

iim 

lifiO 


13 


•itiTii  .,.,,do. . 
I5K  I  Tlcilmt-fl. 


*m  I 

•iifif 
iiti 


...do,,, 

...do.,, 
..-do.__ 

...do... 


J  llnHnn.,... 
.    Jhirant.... 

.!_.__.,!» 

J  Cnij^'T 

Lp^lriKtuD, 


Biiptt*t  Orphjmiigit^ 


aiy 

I,C,  H.  11,. 


..    City, 

I 


Ed.  An^hfT. 


1^7 


ISM 

two 


1905 
1H>7 


*1(H  , ilo_,. 

]itfl  l.....dr^,.. 


Tvhulii....... 

do , 

Fontftinplrlfiflil 

J iJn. ....... 

J  Mom  Point... 


•iBfl  ] do 

♦lH7   do 


-,....do.... 
- ilo,,,. 


O.A.Wiiflon..-, 
Vi\  B,  GonloM?. 


niy.,,.,, 

Dr.  L.  S.  RogK^rs.,, 


J.B.CtLTSon 


A.  E.  Lewis ,,,. 

Da^UKT  LumtH^r,, 
Co. 

Dpniiy  Lmnber  Co . 

F.  IL  I^wls..,.,... 


I 


1901 
1000 

1901 
1883 
ISA 

lansr 
i«Qa 


6 
B-4i 

5 

e 

2 

3 
4-3 


«tt 
514 

«» 

(too 

1,(Q0 
IND 
414 
730 
73Q 

SM 

eo4 

1,617 
375 

soo 


..-i-a 

I 

..  +  »■ 

..+  »| 
..+  S 
..+  S 

..  +  «! 
■I    * 


I 

^»! 

;ort  ^ 

I  and 


^U  I. 


3&S  I  ais  + 


4.2 

i.m 

3-2 

770 

3 

)(W 

31 

720 

31 

a2s  , 

21 

50) 

3 

900 

«-4 

1,:^ 

130 

J.  \5 

rail 

+  :<• , 

eoo 

*■  » 

+  3 

+  •5) 

<i» 

+  30 

♦  See  text,  pp.  31-33,  for  additional  date. 
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Howob- 
Uinedat 
surface. 

1 

Increase  or 

decreaaeof 

supply. 

Effect  of  pump- 
ing on  level 
of  water. 

Geologic 
horizon  of 
well  mouth. 

Geologic  hori- 
zon of  principal 
water-bearing 
stratum 

No. 

FlOWB 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

Soft.... 

....do... 
....do... 

....do... 
....do... 
....do... 
....do... 
....do... 
....do... 
....do... 
....do... 
....do... 
....do... 
do 

Oaia. 
60 

170 
50 

100 
60 
70 

None  appar- 
Little 

Post  TerU- 
ary. 

do 

*n8 

*130 

None   appar- 
ent. 
do 

do 

*140 

....do 

*141 

do 

do 

*142 

do 

do 

*143 

50 

do 

do 

*144 

60 
60 
50 
50 
50 
250 
250 
250 
60 

50 
0 

75 

35 

do 

do 

*145 

do 

do 

*146 

do 

do 

*147 

.     .do 

..     .do 

*148 

do 

do 

Post-Tertiary . . . 

*149 

do 

do 

*150 

do 

..     .do 

*151 

Flows 

....do... 

do 

do 

Pascagoula  marl. 

♦152 

do 

Flows 

....do... 

do 

do 

♦153 

Recent 

Pasoagoula 

153a 

154 

do 

Steam  pump 
do 

do 

Flows     

Soft.... 

Good... 
Hard... 

Soft.... 

Decreased 

Little. 

Lowered 
slowly. 

Slight 

Lafayette?  . 
do 

Pascagoula 

Upper  Claiborne. 

Under    Jackson 
marl. 

Wilcox 

155 
156 

do 

None 

do 

None 

do 

Grand  Gulf. 

Second  riv- 
er bottoms. 

Lafayette . . 

Port    Hud- 
son. 

do 

157 
*157a 

..  .do. 

None  appar- 
ent. 

.do... 

158 

do 

...  do... 

Claiborne 

.  ..do 

158a 

1 do 

90 

None . . . 

158b 

do.      .. 

do 

158c 

, do 

Hard... 

Soft.... 

....do... 

do 

12 

130 
200 
20 

70 

60 
40 

25 
400 

None  appar- 
ent. 

do 

Socond  riv- 
er bottoms. 

do? 

*150 

do 

♦160 

do 

None 

1 

161 

do 

None  appar- 
ent. 
do 

Lafayette 
sand. 

Post     Ter- 
tiary. 
do 

Wilcox 

*162 

do 

....do.. 

Pascagoula 

do 

♦163 

! do 

....do... 
....do.. 

Soft.... 
Hard... 

..  ..do 

♦164 

',          

do  . 

do 

.do 

.  ..do 

165 

Flows. 

do               1 

do     ... 

♦166 

do 

Neither ' 

Grand  Gulf? 

♦167 

50  UKDEBGROONB-WATBR   BESOUROES   OF   MISSISSIPPI. 

DEEP- WELL  RBC0RD8 

Partial  liti  ofiup  wAt 


No. 


•168 

169 

170 

♦171 
172 
173 
174 
175 

176 
♦177 

♦178 

♦179 

♦180 
♦181 
♦182 
♦183 
♦184 

185 
♦18<) 

187 

187a 
188 

189 


igoa 

191 

♦192 
193 

♦194 
195 

♦196 

♦197 


County. 


Jackson  . 

do... 

do... 


.do. 
-do. 
.do. 
.do. 
.do. 

.do. 
.do. 

.do. 

.do. 


do. 

do. 

do. 

Jones, . 
....do. 


.do. 
.do. 

.do. 


Kemper. . . 
Lafayette  . 


Town. 


Ocean  Spring! 

do 

do 


.do. 
.do. 
.do. 
.do. 
.do. 

.do. 
.do. 

.do. 

.do. 


do.... 

Seranton . 

do.... 

EIIiRville . 
Laun'l 


.do. 
.do. 

.do. 


Forrest . 
Oxford  . 


do I do 

Lamar Liiml>erton . . 

liaiiderdalo. . .  I  I^uderdale . . 

do 1  Meridian 


do j  Lauderdale... 

do j do 

do do 

do I do 

Meehan  Junc- 
tion. 


.do. 
.do. 
.do. 


do.... 

Meridian . 


Owner. 


J.J.Kuhn 

A.  A.  McOinnes . 
N.B.SnUth 


Wm.  De  Pass. 
Cha8.Zeigl6r.. 
Mr.  SuUivan.. 

J.  Feitag 

John  Blank... 


Captain  Benson  . . . 

People's    water- 
works. 

Oooige  Rose 


Oeoxge  Rose,  of  New 
Yo?k. 

Electric  Ice  Co 

City 

F.H.  Lewis 

County 


Kingston    Lumber 
Co. 


Cotton  mills. 
Waterworks . 


Eastman,    Gardner 
A  Co. 

City 


.do. 


University 

Hinton  Lumber  Co 
M.&O.  R.R 


City 

John  Nunnery. 


M.  Smith 

John  Nunnery 

M.  &  O.  R.  R 

Meehan  -Rounds 
Lumber  Co. 

...do 


City. 


Location. 


11     32 
11     32 

32 


3  I  28 


17  1  24 


17  '  24 


17  24 

17  j  24 

17  1  24 

14  '  33 

14  I  33 


! 
♦See  text,  pp.  32-33.  for  additional  data. 


1891 


1885 

1888 
1901 
1901 
1888 
1902  I 


I, 


"S 

!^x|»= 

^ 

^ 

,  tv?M 

o 

% 

\ni'- 

c 

'2^  T'i 

s 

.c 

In.  \FeeO  Feet:  fta^ 

24  880  '■ +80 

2i  630   +« 

^1  "*i i^'j 

2jl  520  • +30  ■ 

2ij  560   +» 

2i  540   1-25 

2j|  525  i +30 


2i    550 

i    I      i 

1890       2^'    550 
3 


1901 

1897 

1903 

1903 
1897 
1891 
1902 
1902 


965  I 

900  i 

1,200      900 

i 
866    

800  i 


+50  I 

•■  +75 

!     0 

I 


0 


2\\     720    +» 

6  ,1.300  I    3.V)    -JJ 
6  '     3IV>       325     -* 


1902 
1901   I     8 

1900 


1896 
1897 


1902 


1902 

1901 
1901 
1901 
1902 

1902 

1902 


10 


210  '    200    -« 

370     :a  -* 

I 

215  ,    200    -40 

219  ,    217    -* 
185  I    100    -% , 

I       ; 

185  I    100    -.'-0 
1,800  I 
133 


_(H 


1 


900 

108  ' 

216 

108  I 

132 

I 
324 

324 

305 


-SI 
+  li 

I +  11 

■  0 
'  +  0^ 
:-5J 
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S  MI88lJ4mPPI— Oonliniied. 

»  Ou  State  of  MiMisnppi — Continued. 


Ilowob- 
Uin<>dat 
surface. 

Quality. 

Soft.... 
....do... 
....do... 

1 
S 

%. 

i 

Quia. 
1£0 

80 

25 

60 
(10 
50 
60 
26 

100 
250 

100 

iDcreaae  or 

decreaae  of 

supply. 

Effect  of  pump- 
ing on  level 
of  water. 

Geologic 
horizon  of 
well  mouth. 

Geologic  hori- 
zon of  principal 
water-bearing 
stratum. 

No. 

Flows 

None  appar- 
ent. 

do 

do 

do 

do 

do 

^« 

do 

do 

Noither 

None  appar- 
ent. 

..  ..do  ...  . 

Pout     Ter- 
tiary. 

do 

do 

do 

Paacagoula 

Clay  above  Pa«- 
cagoula. 

Post-Tertiary 
clays. 

do 

*168 

...do 

....do 



160 
170 

....do 

....do... 
....do... 
....do... 
....do... 
....do... 

♦171 

...do 

do 

do 

172 

...do, 

do 

do 

173 

....do 

do.  .. 

do 

174 

....do 

do 

do 

Post-Tertiary 
sands. 

do 

17A 

-...do 

....do... 
....do... 

....do... 

Alkaline 

Soft.... 
....do... 

176 

-...do 

-...do 

do 

do 

Paacagoula 

do 

♦177 
♦178 

....do 

do 

.  .do 

♦179 

-.do 

240 
150 
60 

160 
150 

2m 

140 

do 

do 

♦180 

...do 

do 

do 

None  appar- 
ent. 

do 

do 

do 

None  apparent. 

do 

None 

do 

do 

do 

Pascagoula 

do 

♦181 

•  -.do 

....do... 

♦182 

«mp 

--<ao 

»»»iprpa8ed 
-<io 

Hard... 
Soft.... 

....do... 
....do... 

....do... 

lAfayette . . 
do 

do 

do 

Grand  Gulf? 

do 

♦183 
♦184 

do 

do 

185 
♦186 

do 

do 

do 

187 

Clailwme 

Wilcox 

187a 

*Cip 

-Oo 

Soft.... 
....do... 



None  appar- 
ent. 

do 

Slight 

'  None  observed. 

do 

do 

do 

188 

do 

180 

(irandOulf 

Wilcox 

180a 

*»ip 

Soft.... 

115 

None  appar- 
ent. 

I^wi'Pcd 

do 

do 

♦190 

do 

190a 

*>JV« 

Soft 

None   appar- 
ent, 
do 

...do 

do 

do 

191 

i«iip 

Cfc^WS 

....do.. 

do 

do 

do 

do 

do 

♦192 

Hard... 

do 

Wilcox 

do 

Lafayette. . . 

Kiver  allu- 
vium. 

Cret'k    l)ot- 
tom. 

193 

*ltlp 

^O'WS 

....do... 
Soft.... 

....do... 

Hard 

100 
11 

11 

do 

Neither 

Slight 

♦194 
195 

--do.... 

do 

♦196 

Vumpa. 

♦197 

62  UNDERGROUND- WATER    RESOURCES    OF   MISSISSIPPI. 

DEEP- WELL  RECORDS 
Partial  list  of  dap  mlU 


No. 


198 

♦199 
200 


County. 


Lauderdale... 


.do. 
.do. 


*201  ! do. 


♦202 
♦203 

204 

205 

♦205a 

206 

20&i 
207 

208 

209  i 
♦210    . 

211  . 

212  . 
2r2a  . 

•2121.  . 
212c  . 

213  . 

214  I. 


....do 

....do 


Lawrence. 

do.... 

Lee 

....do.... 


..do.... 
..do.... 


....do 


...do 

...do 


...do 


.do 

.do 


Town. 


Meridian  . 


.do. 
.do. 


.do. 


Siding. 
....do. 


Sliver  Creek.. 

do 

Baldwyn  . . 
Guntown.. 


do.... 

Nettleton. 


PlantersvUle. 


....do. 
Rusk.. 


...do 


Shannon . 
Tupelo . . . 


do do 

do I do 

do I  Verona 

I 

do ' do 

Leflore '  G  reen wood . . 


Owner. 


City. 


.do. 
.do. 


Ice  factory. 


W.J.  Graham 

Mrs.  Martha  Max- 
well. 

A.  T.  Longino 

pf.  B.B.  C^wftnl... 

Brick  Co 

Robt.  Gambrell 


City 

Jno.  McGaughey. 


R.  S.  Rodgers. 


Robt.  Birmingham. 
L.  B.  Candy 


W.  S.  Brown. 


J.  K.  Whitcsldes... 

U.  S.  B  u  reau  of 
Fisheries. 

Mo.  and  Ohio  R.K. 

City 

L.  T.  Taylor 


I 


2ir>a 
216 
♦217  ' 

I 
218 

219  ' 

220  ' 

221  I 
♦221a' 

222 

223 


.do. 
.do. 
.do. 


..do. 


.do.... 
.do.... 

.do.... 

-do.... 

Lincoln... 


do... 


do 

A.  F.  Gardner. 

T.  B.  Minyard. 
do I  T.J.  Phillips.., 


.do. 


do... 

Ittabcna. 


Ice  factory 

L.  J.  Young  &  Co... 


I 

.do I  Mahoncy  Bros. 

.do I  R.  W.Balrd... 


do 

MlnterClty... 
Brookhaven. . 


Location. 


12 


1902 

1882 
1903 

1800 

1806 
1896 


1898 


1870 


20 


1  I  10 

I 


...do. 


I 


A.  Henderson 

C.  E.  Felgler ;  '21! 

W.  R.  Norton 


S.  P.  Oliver. 


ISK 

1809 

1808 
1902 

1886 

1903 
1903 


1870 

1889 
1901 


1900 
1896 


1897 
1896 

1898 
1900 
1901 

1898 


1 

•s 
1 

i  II 

m 

Feet 

Feet.  Fen 

257 

+4 

906 

-30 

306 

-5i 

680 

-25 

77 

40    +2 

75 

...i  +  0 
1 

80 

1 
70 '-TO 

80 

73-^5 

380 

'-5, 

70 

70    -« 

300 

-» 

140 

iioj-^o, 

160 

1«    +0' 

140 

110  -«' 

322 

aw  +  0 

130 

«)  +^ 

300 

'-'^1 

398 

1    320'  +0' 

436 

4O6'-l-0, 

300 

1    300    -  ' 

285 

200    +0 

1 

400 

'    285    -« 

490 

400:  4« 

266 

194     + 

6.W 

'    600,  +* 

650 

i     600     +  0 

597 


+  3.> 


596J:. 


365  I     34S  I  -^  0  I 

450  ! ;  +  0 

437  j     420  I  +» 

60  i      60     -M 


6  I     155  1     115  I  -40 


♦See  text,  pp.  33-34,  for  additional  data. 
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How  ob- 
tained at 
rartaee. 

Quality. 

1 
s 

I 

1 

Increase  or 

decrease  of 

mipply. 

Effect  of  pump- 
ing on  level 
of  water. 

Geologic 
horizon  of 
well  mouth. 

Geologic  hori- 

eon  of  principal 

water-bearing 

stratum. 

No. 

Flows 

Motor 

Hard... 

GaU. 

None   appar- 
ent. 

do 

Wilcox 

..  ..do 

W^ilcox 

196 

....do... 

Easily  lowered. 

....do 

*1V0 

Pump 

....do... 

Second  riv- 
er bottoms. 
Wilcox 

do 

200 

Steam  pump 

Flows 

do 

....do... 

None  appar- 
ent. 

do 

Easily  lowered. 

do 

•201 

Soft 

Buhrstone. . 

do 

•202 

....do 

do 

do 

do 

•203 

do 

do 

Little 

Lafayette. . . 
do 

Lafayette 

Grand  Gulf 

Eutaw 

204 

Bucket 

Hard... 

do 

Slight 

205 

Selma 

clay, 
do 

•?n5a 

Bodcet 

Soft 

None  appar- 
ent. 

Slight 

Top  of  Tusoatoosa 
Eutaw     

206 

1 

Hard 

206a 

1  Flows 

Hard, 
good. 

Soft 

5 

Neither 

Selma 

do 

Tusoalootia 

do 

207 

do 

None   appar- 
ent. 
do 

20B 

Pomp 

Flows 

Hard... 

Little 

....do 

do 

209 

Soft 

....do... 
....do... 

15 
3 

Neither 

River   bot- 
tom. 

Creek    bot- 
tom. 

Selma 

do 

•210 

do 

do 

do 

211 

1 
Pump 

None 

None 

do 

212 

Flows 

....do... 
Small... 

do 

Decreased 

do 

do 

Lafayette... 
.      do 

do 

212a 

do 

Pomp 

Eutaw 

♦212b 

.  ..do       

212c 

Flows 

Pomps 

Flows 

Soft  and 
pure. 

Soft 

10 

None   appar- 
ent. 
do 

Selma 

do 

Tuscaloosa 

do 

213 

Riitrht 

214 

....do... 

do 

Port    Hud- 
son. 

.     .do  .   .  . 

Claiborne 

do 

215 

do 

200 
250 
275 

215a 

do 

Soft 

....do... 

Soft  and 
good. 

Soft.... 

....do... 

Decreased . 

do 

do 

216 

do 

None   appar- 
ent. 

do 

do 

do 

♦217 

do 

Alluvium  ?., 
do 

do 

?18 

do 

60 
100 

150 
50 

do 

Lower  riaihorne. 
Wilcox 

219 

do 

Decreased   25 
per  cent. 

Neither 

Port    Hud- 
son. 

do 

220 

; ao 

....do... 

do 

221 

\ ao 

....do... 

do 

do 

Claiborne 

Base  of  Lafayette 

Grand  Gulf 

♦221a 

Bucket 

....do... 

None   appar- 
ent. 

do 

Easily  lowered 
None  apparent. 

Lafayette. . . 
do 

222 

»Mt\Ut 

....do... 

275 

223 
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I>EEP-WELL  RECORDS 
Partial  lisi  of  deep  %odU 


No. 


Coimtsr* 


Town. 


Ovtwr. 


Ijoeation. 


H 


It 


l;i 


224 
225 


Lincoln.... 
,.„do 


397 
238 
32& 


.....do-. 

....do.. 
Ktaiion., 

....do„ 


BrookhavGn. 


Artertft...... 

Cftijton 

..„,do „ 

Jloro... 

ColumbfA.... 


a.  F.  OIlTiiT.. 

Glty ,... 

UohlUi    &iid 

do 


1898 


4 


J"(f^. 


ObLo 


3»t) 
221k 
•230 
231 
232 


234 

231a 

2Xi 


do..-. 

do... 

Itftnihall . 

,..,.do.,<, 

do..., 

....,do..., 
do.... 

do,... 

do... 

do.... 


.,..do 

....do... 

....do.„.. 

Tlollf  Springs 
Hudson  \iUo.. 

Amoiy 

....do...*, 

.....do 

r.it1f!don!a.. 
Cm^rford. .... 
Qauman.. 
Uuldon.... 


City., 

W.  H.  Powell..-. 

Fiom. *.... 

Citj..,..., 

B.W. Hollo  W47<. 


IB 


City. 


Montguttu^ry  . 


...,.do._...... 


Nesholm. 
Newtim . . 
....do,.., 


VYloono.. 


34U 

•242 

243 


.....do.... 

„...rlo 

-.-.do.,,. 
,,..do,.,. 


do,.,. 

I 

DiiEon 

Chiinkef. 
...,do..-. 


....do 

lli^jlsrtry.... 
,,..do 


G,  H.  lUnktn 

LAmiif  HordtJgioti.. 
Ctlj  wfttflrworko,.,, 
E.  C.  JfAtion,,,.,.., 
T.  H.  Sloveoi....... 

aty. 

Railroad... 

L,  D.  Booth 

City,... ,..,.. 

K.  C.  and  B.  n.  R., 

Mobile     and     Ohio 

R,  R. 
OlUtid  Mining  Co.. 

Eleotrio  Light  mnd 
Joe  Co. 

ChaA.  C.  Roberts.... 

Wm.  IlariisL........ 

Jos,  Sharp 


13 


.do. 


D.  L,  Ragtand,. 

J.J.  Uarlwr 

W.  Tl.  Oalanpy.. 

J.  H.  Brown 


244     l4o?cu1iiHf.. 
244a  .....do 


*244b 
*a45 


347 

243 


.do. 


Blgbce  Valley, 
CookffvMk.... 

BrookviJIc... 


A.  G.  Cunnln£;ham. 
W,S.  I'tfrracntpr... 


Mobllo 
R.  R. 


and     Ohio 


do.... 

....*dfl 

..do..,. 
do.... 


ClIftonTOIe..,  J.  B.  Cuniilii^Hftm 

RjivInc J.  O.  Polndeattor, , 

„,. do, ,,..„.  8eba  OAVln ... 

Macon......,,    Q.  N,  Ladd,.. 

•  8m  text,  pp.  34-36,  for  additional  data. 


1403 

i»a 

1«3 
1909 
ISSR 

1807 


16 


1178 

1800 


2& 


ISOft 


1»0A 


l8Sfi 
18DB 

1898 
1^8 


1888 


IS50 


n 


8^ 

450 


425 
425 
400 
188 
154 

igft 

2S0 
140 

700 
0S3 

413 
400 


75 

150 
110 

131 
1^ 

150 

«00 

<i57 

451 
725 
431 


m 


810 


400 

400 

42& 
42& 
330 


100 
1^ 


830 


3AS 


180 
150 

138 

tm 

300 


450 

as7 

3ftl 
725 
4.tl 


■J-  I 
+  S 

-1» 
+  19] 
+  11 
-40 
+  » 

+  ao 

+  35 
+  35 

m 

-153 
+  IS 
+    0 

+    0 

+  ao 

no 

-I-  27 

-  S3 

-  60 

-  7fi 


-  70 

■h  4 

+  4 

+  0 

+  S 


30 

-  00 

-  0 

+  ifl  f 

0 
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IN  MISSISSIPPI— Ck)ntinucd. 

in  the  State  of  Mississippi — Continued. 


Howob- 
Uinedat 
surface. 

Quality. 

i 
1 

OQ 

Increase  or 

decrease  of 

supply. 

Effect  of  pump- 
ing on  level 
of  water. 

Geologic 
horizon  of 
well  mouth. 

Geologic  hori- 
zon of  principal 
water-bearing 
stratum. 

No. 

Soft.... 
do... 

QiUa. 
2176 

None  apparent 
.do 

None  apparent 

Lafayette. . . 

Selma 

do 

Grand  Gulf 

Tuscalbosa 

do 

224 

Flows  .   .   . 

225 

do 

130 

*225a 

do 

Eutaw 

♦225b 

Flows 

....do 

Pumo 

Soft.... 
...do... 
.  do... 

170 
88 

None  apparent 
Neither 

None  apparent 

Jackson 

do 

Wilcox 

*226 

Claiborne? 

do 

227 

do 

do 

228 

Flows 

.  -do... 

26 

30 

00 
25 
100 

None  apparent 
do 

Second  river 
bottoms. 

River   bot- 
toms. 

Bottom 

Grand  Gulf? 

Grand  Gulf 

do 

229 

do 

do 

do 

Steam  pump 

Racket 

Flows 

do 

do 

....do... 

....do... 

Sulphur 
....do... 

Hard... 

229a 

do 

229b 

.....do 

do 

do 

229c 

do 

Little 

None  apparent    Lafayette... 

Wilcox 

*230 

Easily  lowered. 

do 

do 

231 

Soft.... 
Iron 

8 
25 

None  apparent 
do 

Solma 

Tuscaloosa 

An 

232 

Eutaw 

*232a 

I^afayette...          An 

232b 

do 

Hard . . . 

Tuscaloosa . 

do 

♦233 

Hn 

233a 

Flows 

Steam  pump 

Airlift 

Pump 

Hard... 

15 

None  apparent 

Lafavette. . .          do 

234 

do 1          Hn 

234a 

Soft.... 

Iron 
and  al- 
kaline, 
soft. 

Soft.... 

....do... 

20 
100 

i 

I 
5 

do 

do 

None 

Creek    bot- 
toms. 

Lafayette?  . 

do 

Alluvial.... 

River    bot- 
toms. 

do 

Wilcox 

*235 

do 

236 

.      .do 

Easily  lowered 

Lafayette 

Wilcox 

237 

Flows 

do 

♦238 

do 

do 

....do... 

do 

do... 

239 

6 

.      .do 

do 

240 

do 

1        do 

Soft 

Slight 

■ do 

Claiborne 

Wilcox 

241 

do. 

5 

None  apparent 
do     

Second  river 
bottoms. 

River   bot- 
toms. 

do 

♦242 

do 

•do 

....do... 
do 

do 

243 

do.   .. 

do 

244 

Pump 

Soft.al- 
kaline. 

do 

Lowered ' 1  Tuscaloosa 

244a 

St'hna 

do 

Eutaw 

♦244b 

Windmill 

Soft 

do 

♦245 

Hand  pump 
Flows 

do       1 

' do 1 do 

♦246 

do 

Aluvium 

Selma. 

do 

247 

Windmill... 

...do 

None  apparent 

Slight 

Tuscaloosa 

248 

56 


UNDERGROUND- WATER    RESOURCES    OF   MISSISSIPPI. 


DEEP-^VKLL.  RECORDS 
Partial  lisi  of  deep  iwB« 


No. 


•3« 


232 


2m 

301 


!3a3 

•267 
2Ha 


Z7D 
271 
T,2 

274 
S7& 

276 

277 
*-27B 

27fl 
280 
•2§1 


County* 


NOfjtubM  . 


,.-,ilo 

do 

Oktibbeha. 
do 


...do 

PftDOlA. . . . 

-...do...., 
^frj, . , . . , 

.,_.do 

....do 


...do..... 
....do..... 

...,do 

„.-do 

,„-do 


-..-do.... 
„.-do...- 

Pontotoc. 


.,-dci 

...do 

..-do 

QuLtnian. 

do.,.. 


...do.... 
.._do.... 


...do 

...do 

...do 

ScoU. 

andth..... 


Towji. 


.do....... 

fihuqiulnk..^ 


Opbom 


.do.. 


BmtfisvllLe  . , . 

LoDjgtown,.. 
BmrtMkim..... 

Brown 

HAttleBbuf^. 

do 

do 

do 


,...do. 

do... 

.,„do 

Hwla._.,- 
Ecru ...... 


.„.,do... 

..,.dti „ 

Sb(*ni]«n,. 

nWcn 

do 


|....,do 


.....do,.. 

do 

RUei^tdB. . . . 

Sumner.. 

Foiept  ...... 

TiiyLor»vtJle  . 


Owrwr. 


llobllQ    ftud     Otdo 
B.  R. 

A,  T.  Dent.......... 

City., 


A.  A.  Motit^onwry- 
.... do..., ......... 


Agiicitltiitii)  and  Me- 
chmDie&l  Co1Le|^. 

City ...,. 


Dr.  CrenahjiW 

A.  J.  TbOOJtJL 

A.  O.  BrowD........ 

Fiiople'fl  Ice  factoiy. 

M.  Hcmptdll.- 

City  WBterworks.,,. 


Jh  J.  Nfiwjii&n  Lum- 
Ut  C(*. 

a.  L.  n»wkiDB..... 


GuiraiiaShkpj!)lAi]d 
K.  K. 

Mike  iMlnc 

Geoi^  BaylU. ...... 

Kan uu  City  R.  Ll. 

J.   A.    BflrJTOW. ,.. 


R.  A.  Cooper... 
V.  U.  Tiicker. . . . 
D.  ['.  LfjiigatOli. 
il.  K.  Denton,.. 
Turner  TJroB 


do 

Quit  man    Develop- 

J  rig  Co, 

Qultnmn      County 
Devf^topini^  Co. 

Bacon  KoJan  €o. . .  . 

L.  Mark,4 

fk^H  A  I.riiwrt?nw 

O.  B.  TrlpJPlt ,.,.., 

ThoitiAfl  JtLCtisa  , . . , , 


IxK»tiou^ 


14 


18 


m 


U 


13 


13 


IBM 


ltt» 
IBM 

1403 
18^ 

1QW 
IMI 

inw 
laes 

10112 
lfi02 

11105 

itm 

1002 
IK^ 
1899 
1901 
IMS 

1903 
1904 

19CH 

1901 
1901 
1901 
18DQ 
3902 


Feet. 

wo 

910 

900 
302 

saa 

72 
4S 
335 

afio 

33S 


93 

210 
250 

aw 

724 
/20 

WO 

700 

fL50 
220 


«   1,135 


FeiL\ 
73D 


«S 


as 


ffri. 

10 

+  »1 

0 
_    0 


290  >  37 


aoft 


375 

An 


71 
IS 

2  m 

fi2 
250 
«00 

aio 

uao 

560 

«oo 

000 
220 


^  10 

+  ;» 

+  0 

4-  0 

-  0 


+ 
+ 

-  « 

+  0 

+  0 

+  50 

+  30 

+  10 


4-  40 

40 

30 

9 

0 


*  See  text,  pp.  3&-38,  for  additional  data. 
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Mississippi-Continued. 
the  State  of  Mississippi — Continued. 


How  ob- 
tained at 
aurfaoe. 

Quality. 

g 
S 

s. 

to 

1 

Increase  or 

decrease  of 

supply. 

Effect  of  pump- 
ing on  level 
of  water. 

Geologic 

horizon  of 

well  mouth. 

Geologic  hori- 
zon of  principal 
water-bearing 
stratum. 

No. 

lows 

nnip. ..... 

Soft.... 
do 

Oals. 
5 

None  apparent 
Little 

Lowered 

Lowers  16  feet . 

Selma 

do 

Tuscaloosa 

do 

♦249 
*2G0 

..do 

Alkaline, 
soft. 



None  apparent 

Little 

do 

do..  . 

*251 

do... 

do 

2S2 

ompressed 
air. 

..do 

Soft 

Soft,  al- 
kaline. 

Hard... 
.do 

145 
145 
60 
50 

None  apparent 
Neither.  . 

Slight 

do 

do... 

*253 

do 

do... 

do.. 

*2M 

lows 

None  apparent 

Port   Hud- 
son. 

do 

Wilcox 

*255 

..do 

do 

266 

ucket 

...do 

Lafayette... 
do 

Lafayette. 

Grand  Gulf 

do 

•257 

...do 

100 

*258 

ucket 

Soft 

None  apparent 
do 

Second  river 
bottom. 

Lafayette. . . 

258 

lows 

...do. 

Few 

250 

250 

Few 
150 

do 

260 

..do 

...do 

None 

Slight 

Second  river 
bottom. 

do 

do 

261 

..do 

Hard... 

Soft .... 
.do 

Small  decrease 

None  apparent 
....  do 

do 

262 

..do 

Lafayette. . . 

do 

263 

..do 

Second  river 
bottom. 

....do 

do 

264 

..do 

do 

None  . . 

do 

266 

..do 

Hard . . . 
...do 

100 

Lafayette. . . 

do 

266 

ucket 

do 

do 

♦267 

ook-pump. 
lows 

Soft .... 
do 

120 
20 

Dwreaaed 

Lowered  3  feet 
in  6  hours. 

Ripley 

Lafayette... 

Ripley 

268 

do 

260 

..do 

Hard... 

1 

Ripley 

do 

270 

ump 

Lafayette. . . 

do 

,271 

Soft 20 

Decreased 

Alluvium... 

do 

272 

lows 

do 

(30 
55 

None  apparent 
.do 

Port   Hud- 
son. 

do 

Wilcox 

273 

..do 

...do 

do 

274 

..do 

...do 

52 

100 
60 
40 
10 
6 

Neither    ...    ' 

do 

do 

275 

.do 

...do 

Increased 

do 

do 

276 

do 

..do 

do                            

do 

do 

277 

.do     

...do 

None  apparent 
Same 

do 

do 

*278 

..do 

...do 

do 

do 

279 
280 

i 

Lafayette... 
do 

Jackson 

lows 

1 

Grand  Gulf ♦281 
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Partial  liM  of  deep  laeUe 


No. 


2H 

385 


390 
291 
2D2 
3Kt 
3H 


m 
am 

•901 
*303 

•30T 

30S 
•300 
31 0 
311 
312 
313 
314 
•3Ifi 

sm 

3 17 
•318 
*3iD 

320 


Cfjuntjr, 


Sunflower ... 

dc 

(lo ,. 

...,do, 

....do 

do 

do.. 

-,..do., 

Tallahatchie. 
.,..do 

...do 

....do 

....do.,.„„ 

„„dij 

...do 


....do 

...do 

Tftte... 

TlppBb 

TutUca. ..... 

do I 


Tfiwa. 


B«lttlDttt., 


OWtlFT. 


State. 


Docfcery 

DoddsvUhs... 
t  AdtanoU. . . . 

...,do 

MooitKud . . « 
Rutev1U«L.... 

..,.do., 

SunflowQr. , . 

ChArioiiton. . . 

..,.do 

..„,do 

Glendorm. 
Sharlcpy  Land- 
ing- 
Bamner.......'  t.  B.  Dudley 

3winLHk#.....|  W.  A.  HAwkinei 

Webb....... J  E.  B,  Ta^-lor... 

Blftghorn. ,  „  J  S.  T.  Clayton . . 
Dumaji. .«.,..'  A- C:.  Andenion, 
Tunica City.,.,...*,.. 


1*  111  Doeknry. , . . 
K.  E.  DoddA..... 

City 

W.  B.  Ukrtin.... 
Cheater  H.  Pond. 
Chaa.  CttinpTwll . . 

Rule  Broff ... 

R.  C.  Burpoufihu. 
Jeny  Robinflon., 
3,  W.  S*undpni,« 

U.  P.  Webb 

W,  0.  Tlarvey... 
C.  W.NeiJfton.-,. 
E.  B.  Ombftm.,, 
T.  Ci.  Jnmei., ,,,, 


,,wdo ,,,,| 

Union I 

Wasblngton..: 


I 

Wnyne.  „ 

....do. 

....do I 

....do 

Webpter i 

Winston......! 

Valobusha 

....do 

.„.do. ..,..-. 
....do........ 

....do 

Ya^cio.... 

,...do 


Longtown .... 
New  Albany.. 
Inland . 


R.  F.  AMiey. 


Cllr. 


I 


.do. 


Red  Bluff.....; 
Waym-nboro,. 

....dg .1 

....do ...j 

Walthall 


LoulivMle. . 


CollBo\iIlc I 

do .1 

.....do. »....-.' 

^-^ i 

Water  Valley.' 
Yanoo,.,.....', 
S«trtartla.....| 


....do......... 

do.......... 

Ice  tactoty..,.. 

Ttirptntirw*  distillery 

J.  L.  Lunib.,,, 

W.C.  night,  „ 

J.  A.  Aston.... 

W,  C.  Bryant. i  2+ 


Locatton. 


W.  H.  Bflilfly, 
J.  F,  ProovJn, 

City 

....do 

M.  Kittg 


I 


m 


I 


i« 


1901 
lOQO 
IDM 
1900 
\^^ 
IROO 
1000 
ISA 
IMO 
1901 
1«Q1 


lfi(a 


1901 
190] 


1001 
ISOI 


tMO 


IflfiO 

1900 
1901 
1002 


\1  I  1902 


I 


0 

6       4 

0 

4 


11 


ISTO 
IJMl 

^Jm 
tvoi 
im 

IMS 


in. 


A. 


i.ooo 
i,;no 

SGI 


2 
4 

a 

I 

3 

2  I    8B.S 

i|.  9aQ 

3  £17 

3|!  -m 

450 
400 
46£ 

4sn 


5S2 

512 
110 
00 

dfts 

521 
£35 


LOOT) 


929 
K20 


i.aeo 


+35  i 
+  ni 
+  40 
+ 
+  45 


MS 

450 

420 
3K) 


+ 

+  1» 
+ 
+  10 

+ 

+ 


:i: 


4f»  ,   ^ 
107  .  - 
A5      -.55 
8&a      +   0 


230 
2311 

liO 
275 
00 

i,s7r 


471 
230 


+ 
+ 
+  40 


452     -14 


+  5 

+  10 

+  10 

+  10 

I  +20  , 

32  -32 
^0  +  tj 
338     +10 


145 

350 

40 


+  13 
+  5 
-12 


*  See  text,  pp.  38-39,  for  additional  data. 
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IX  MI88ISSlPPI-Contlnued. 

in  the  State  of  Mississippi — Continued. 


How  ob- 
tained at 
sarlace. 


I  Quality. 


Increase  or 

decrease  of 

supply. 


Effect  of  pump-       Geologic 
ing  on  level     '    horizon  of   I 
of  water.         well  mouth.  ' 


Geologic  hori- 

Eon  of  principal 

water-bearing 

statum. 


No. 


Flows 


do 1 

do ' 

do 

.do 

.do 

Alkali.. 

.do 1 

.do ' 

.do i 

.do ! 

.do 

.do i 

.do 1 

.do 

.do 

do '     --   

.do 

.do 

.do ' 

250 

80; 

80  ' 

200  I 
20  i 
20 


Port   Hud- 
son. 


Claiborne . 


I 


.do. 
.do. 
.do. 
.do. 
.do. 


Windlass...!. 


I 


Bucket. 
I  Flows '  Soft. 


do.... 

do.... 

do.... 

Pump 


.do. 


100  !  Neither '. I do. 


75  . 

50  1. 

25  |. 

32  . 

50  . 

25  1. 

40  I. 
60 

60  '. 

I 

12  1. 


.do. 


100  ,  Neither. 


.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 

.do. 
.do. 
-do. 


....do.. 
....do.. 

do.. 

....do.. 

do.. 

Wilcox. 
....do.. 

do.. 

....do.. 
....do.. 
....do.. 

do.. 

....do.. 
....do.. 
do.. 

....do. 
....do.. 
do.. 


282 

♦283 
284 
285 
286 
I  *287 


I 


...do....' 


3 
15 


.do. 
.do. 


Soft ] I  Same None Port    \l\ul- 

I  son. 


Lafayette. . . : do 

do Iliplej' 

Port    Ilud-     Wilcox... 
son. 

....do ' do.... 

do ! do 

....do 

Clail  orno. 


-I- 


.,  Flows '...do.. 

do '...do.. 

do do.. 

do '...do.. 

do.. 

Backet. 

Flows.. 

do.. 

do.. 

do.. 

Steam  pumpi . 


.20-40 

25 

.        60 


1 


I 


do i  Vlcksburg do 

do do do 

Variable do do 

None  apparent do do 

Lafayette...,  Wilcox 

do do 

li do ilo 

!5    do <lo 

do do 

2    ' do do 

do do 

14  ' Alluvium . . .    Claiborne . 

Port  Hud-  do 


I 


290 
291 
202 
293 
294 
295 
296 
297 

296 
299 
300 

♦301 
302 

•303 

304 

♦305 

I  ♦306 

♦.«)7 

308 
♦309 
310 
311 
312 
313 
314 
♦315 
310 
317 

♦  :n8 

♦319 
320 


son. 


I 
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60  UNDERGROUND-WATER    RESOURCES    OF   MISSISSIPPI. 

SELECTED  RECORDS  IN  DETAIL. 

[Numbers  in  heavy-faced  t3rpe  refer  to  preceding  table.] 

10,  Record  of  nty  ujetts  at  Corinth,  Alcorn  County, 

[Authority,  city  waterworks.] 

Feet. 

Common  soil 15 

Blue  clay... 1  #20 

Sand [selma  chalk J  30 

Hard  rock.. i  I    1 

Sand,  water  bearing 35 

Hard  shale,  clay,  and  fine  sand,  Eutaw-Tuscaloosa. 200 

Sandstone,  limestone,  and  shale  (Chester  and  St.  Louis) 135 

Siliceous  rock  ("  flint  rock  "),  Tullahoma 115 

13.  Record  of  city  v?ell  at  KosciuskOf  Attala  County. 

[Authority,  W.  N.  Logan  and  W.  R.  Perkins.] 

Thickness  Depth 

(feet),  (feet). 

Clay  and  sand 30  30 

BlacK  clay 10  40 

Black  clay  and  rock. 25  65 

Rock,  greensand,  and  shells 25  90 

Sand  and  shells 60  150 

Black  dirt  (lignite) SO  155 

Gray  sand 40  105 

Black  clay  and  gray  sand 50  245 

Gray  sand,  black  clay,  and  rock 30  275 

Water-bearing  sand 5  280 

Water  is  found  at  35  feet,  75  feet,  195  feet,  and  275  feet.    Water  rises  to  75  feet  of  surface. 

Record  of  shallow  mWZ  in  sec.  36,  T.  20,  R.  8  W.,  Bolivar  County. 

[Authority,  unpublished  note^  of  E.  A.  Smith,  assistant  geologist  of  Mississippi,  1870.] 

Thickness    Depth 
(feet).       (feet). 

Surface  loam 3  3 

Sand,  as  soon  frrshly  deposited  by  Mississippi  River 3  6 

Black  buckshot  clay 30  36 

Rod  clay,  source  of  water 36 

The  above  is  an  open  dug  well.  As  soon  as  the  red  water-bearing  clay  was  reached  the  water  rushed 
in  so  rapidly  that  the  digger  had  hardly  time  to  get  out  )>efore  the  well  was  filled.  Water  rises  to  within 
lo  feet  of  the  surface. 

Record  of  well  in  sec.  19,  T.  19,  R.  5  E.,  CarrcH  County. 

[Authority,  unpublished  notes  of  E.  A.  Smith,  assistant  geologist  of  Mississippi,  1870.] 

Thickness    Depth 
^     ,  ^,  (feet).        (feet). 

Surface  soil. 

Vari(>patod  clay 16  16 

Indurated  lodge  of  fornipinous  smid,  witli  seams  of  crystalline  salenite  alternating  with 

layers  of  gn^'nsand 4  20 

Cf  rocnsand 9  29 

Indurated  ledp>  of  ferruginous  sand  alternating  with  layers  of  groensnnd,  as  above 4  33 

Hard  rock,  which  efTerveaeed  in  places 3  36 

Siliceous,  indurated  greensand,  with  sh<'lls 6  42 

Light-yellow  sand,  with  lodg«'s  of  indurated  sand,  containing  concretions  of  sandstone, 

also  clay  nodules  embedded  in  the  sand 6  48 

Strong  mineral  water  was'obtained  at  14  feet. 
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Record  of  railroad  wtU  at  Okolona,  Chickaaaw  County. 

[Authority,  W.  N.  Logan  and  W.  R.  Perkins.] 

Thickness  Depth 

(foet).  (feet). 

Soil,  gravel,  and  clay 20  20 

Blue  limestone  (Sehna  chalk) 300  320 

Hard  sand  rock 3  323 

Sand  rock 100  423 

Greensand,  soapetone,  and  water fiO  473 

Soapatone 76  548 

Water  riaea  within  22  feet  of  surface. 

31a*  Record  of  well  at  HermanvUU,  Claiborne  County. 

[Authority,  W.  G.  IIerrington«  driller.] 


Red  clay 

Gray  clay 

Sand  rock 

Hard  blue  clay  (hardpan) 

Fine  blue  sand,  which  supplies  abundant  water . 


Total  depth 
(foet). 


86 


35.  Record  of  town  well  at  Enterprise ,  Clarice  County. 

[Authority,  W.  N.  Logan  and  W.  R.  Perkins.] 

Thickness  Depth 

(feet).  (feet). 

Sand 6  6 

Clay  and  sand 10  16 

Quicksand 6  22 

Hard  bhie  rock \  22J 

Bhie  soapstone 97J  120 

miite  sand  and  blue  rock 25  145 

Soft  soapstone 7  152 

White  sand  and  graveL 4  156 

39.  Record  of  Weema  well  at  Shubuta,  Clarke  County. 

[Authority,  W.  N.  I^gan  and  W.  R.  Perkins.] 

Thickness  Depth 

(feet),  (feet). 

Sand  and  clay 25  25 

Mari 125  150 

Mari,  clay,  and  sand 272  422 

Water  flows  above  surface. 

53.  Section  of  town  weU  at  West  Point,  Clay  County. 

[Authority,  W.  N.  Logan  and  W.  R.  Perkins.] 

Thickness  Depth 

(feet).  (feet). 

SoO  and  loam 20  20 

Limestone  (Selma  chalk) 180  200 

Sand  and  clay 400  000 

Water  flowed  at  first,  but  does  not  now. 

ftjia*  Record  ofiovm  well  at  Cedar  Bluffs,  Cloy  Count y. 

[Authority,  W.  N.  Logun  and  W.  R.  Perkins.] 

Thickness  Depth 

(feet).  (feet). 

Soil  and  loam 10  10 

Limestone  (Selma  chalk) 450  460 

Hard  rock 2  462 

Sioid  and  water 188  650 

Water  rises  within  100  feet  of  surface. 


f 


62  UNDERGROUND-WATER   RESOURCES    OF   MISSISSIPPI. 

Record  qfweU  3  miles  south  ofGreriada,  Grenada  County. 

[Authority,  W.  N.  Logan  and  W.  R.  PerktaB.] 

Thickneas  Deptl 

(feet).  (feet) 

Clay 10             10 

Sand 30              40 

Soapstone 30              70 

Sand 10              80 

Soapstone  (clay) 10              90 

Mud..*. : 20  110 

Soapstone  (clay) 10  120 

Very  coarse  sand 95  215 

Hard  rock 0.25  215.2,' 

Sand 10  225.2,' 

Soapstone  (clay) 335  5eo.  2,' 

Two  thin  rocks 0. 75  561 

Soapstone  (clay) 40  601 

Water-bearing  sand 63  664 

Soapstone 20  684 

Water-bearing  sand 37  721 

Well  flows  one-half  gallon  per  minute. 

56a.  Record  of  city  well  at  Grenada^  Grenada  County. 

Thickness  Depth 

(feet).  (fc«t). 

Surface  loam .- 60  6C 

Sand 30  9C 

Soapstone  (clay) 30  128 

Sand  and  soft  clay 40  lec 

Soapstone  (clay)  with  sand 90  25C 

Blue  sand .' 30  28C 

Soft  stone  (clay?) 1 30  31C 

Soft  blue  sandy  rock,  very  fine 140  45C 

Soft  clay 10  46C 

Sand  and  water 30  49C 

Soft  blue  sandy  rock 110  60C 

Rock 20  GX 

At  a  depth  of  250  feet  water  rose  within  6  feet  of  surface:  at  490  feet  the  well  overflowed. 

Record  of  well  1  mile  north  of  Bay  St.  Louis,  flancock  County. 

[Begun  October  29.  1904;  completed  November  20,  1904.    Authority,  John  L.  Ford,  driller-l 

Thickness  Depth 
(feet).       (f>et>. 

Blue  sandy  clay 10  IC 

White  aand 50  <'«C 

Yellow  sand 35  9,^ 

White  sand  and  gravel 50  14.^ 

(Jreen  clay 15  IOC 

Gray  sand 60  22C 

Green  clay ' 130  35« 

Gray  sand 20  37C 

G  reen  clay 280  t>5C 

Water  sand,  flows  50  gallon.^  per  minute 40  G90 

Bluo  clay 128  SIS 

Water  sand.  Hows  225  gallons  per  minute 79  8U7 

Diameter  of  well,  3  inches.     (From  Bull.  V.  S.  Geol.  Survey  No.  2r)4.) 

Generalized  tfcction  of  wells  between  Biloxi  and  Pass  Christian,  Harrison  County. 

[Authority,  A.  Dixon.] 

Feet. 

Sand 80 

Clay 125 

Sand  and  clay 425 

Light-gray  line  sand 500 

Clay 000 

\Vater-l>earing  sand ti85 
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Record  of  wdL  at  Qyarardine  Statiorit  Ship  Idaridx 

[Authority,  Dr.  P.  C.  Kallock  in  Underground  Waters  of  Louisiana  (Harris).] 

Thickness  Depth 

(feet).  (feet). 

White  sand 45  45 

Soft  clay  and  mud 156  200 

Hard  blue  clay 100  300 

White  sand 5  305 

Blue  clay 260  565 

Sandstone i  5651 

Blue  clay 156  721J 

Water-bearing  sand *. 9  730i 

1  llll.  Record  of  well  at  Hoimsorif  Harrvion  County. 

lAuthority.  W.  N.  Logan  and  W.  R.  Perkins.] 

Thickness  Depth 

(feet).  (feet). 

RedcUy 100  100 

White  sand 100  200 

BluecUy 1,200  1,400 

Water-bearingr  sand 80  1, 480 

Water  rises  within  35  feet  of  surface. 

Log  of  deep  weU  at  Slate  Penitentiary ^  Jackson,  Hinds  County. 

[Authority,  E.  W.  HUgard.] 

Thickness  Depth 

(feet).  (feet). 

Surface  materials  and  clay  marl 20  20 

Blue  sandy  shell  mart 11  31 

Dry  sand,  with  streaks  of  whitish  or  gray  clay  containing  impressions  of  leaves 80  111 

Wet  quicksand,  caving  very  badly .• 70  181 

(Here  water  rose  to  within  70  feet  of  surface.) 
Black  clays,  mostly  laminated,  intersttatifled  with  layers  of  sand.    Fragments  of  im- 
pressions of  leaves,  and,  at  400  feet,  a  catkin  of  a  willow  were  bored  up 268  449 

Qreensand,  with  shells  and  streaks  of  gray  and  red  clay 30  479 

Water-bearing  sand,  caving  badly 20  499 

(Here  water  rose  to  within  50  feet  of  surface.) 

Greensand  with  shells,  same  as  above ? 

Ledge  of  gray  f ossiliferous  limestone 1  500 

Blue  clay,  with  calcareous  nodules  and  some  layers  of  greensand  marl 12  512 

Shell  marl,  with  layers  of  black  clay 10  522 

Quicksand,  with  a  great  deal  of  mica 5  527 

White  indurated  clay,  with  iron  pyrites,  not  yet  passed  through 7 

Record  of  Alabama  and  Vicksburg  Railroad  well  at  Smiths,  Hinds  County. 

[Authority,  W.  N.  Logan  and  W.  R.  Perkins.] 

Thickness  Depth 

(feet).  (feet). 

Soil  and  clay 44  44 

Limestone  and  sandstone 104  148 

Thin  strata  of  hard  rock t 4  152 

Rock  and  sand 394  546 

Water  rises  within  23  feet  of  surface;  capacity.  113  gallons  per  minute;  mouth  of  well  about  130  feet 
above  sea  level. 

Generalized  section  ofweUs  on  Deer  and  Silver  creeJes,  Issaquena  County. 

[Authority,  unpublished  notes  of  £.  A.  Smith,  assistant  geologist  of  Mississippi,  1870-71.] 

Maxi- 

Thick-  mum 

ncss  depth 

(feet).  (fe«t). 

Top  clay 4-10  10 

Sand 20-30  40 

Blue  mud  (clay) 10-20  60 

Light,  fine  sand 2-4  64 

Pebble  bed,  containing  water. 

The  above  section  was  given  by  Mr.  I.  W.  Blessing,  who  had  driven  about  70  wells  along  the  above- 
mentioned  creeks.    The  sand  above  the  pebbles  is  in  very  fine,  smooth,  rounded  grains,  and  comes  UQ 

with  the  water  when  the  well  is  pumped.    The  pebbles  In  the  bed  lxoT[i'v^^U:ibL\:kA^^\ATQQ)T!x%^  " 
eemented  together,  forming  a  iiard  conglomerate. 


64  UNDEEGROUND-WATER   RESOURCES    OF   MISSISSIPPI. 

167.  -     Reeordof  toeU  Mar  Mau  Painty  Jaekwn  County. 

[Authority,  W.  N.  Logan  and  W.  R.  PerUna.] 

ThickiM«a  Depth 

(feet).  {{wti. 

Sand 100  100 

Clay  and  mud 150  230 

Hard  clay 150  «0 

Waterbearing  sand..  A 20  CO 

Hard  clay 200  fi» 

Water-bearing  sand «  ^ 

Sand  and  clay 110  ^ 

Water-bearing  sand 44  sn 

Hard  rock,  sand,  mud,  and  wood 736  1.^ 

Flowing  water  at  650  and  at  800  feet. 

1  §  1  •  Record  of  city  well  at  Scranton,  Jackson  County. 

[Authority,  W.  N.  Logan  and  W.  R.  Perkins.] 

Thickness  Depth 

(feet).  (Wt'. 

Sand  and  gravel 350  350 

Blue  clay 400  :» 

Clam  shells 5  '^5 

Blue  clay 25  T80 

Water-bearing  sand 20  JW 

Well  flows  150  gallons  per  minute. 

Record  of  well  at  Ocean  Springs ^  Jackson  County. 

[Authority,  W.  N.  Logan  and  W.  R.  Perkins.] 

Thickness  Depth 

(feet),  (fwt'. 

Surface  soil,  sand,  and  gravel 150  1* 

Clay 250  *:» 

Sand : 20  <30 

Clay 40  «0 

Sand  and  gravel CO  ^ 

Clay 400  «» 

Water-bearing  sand 30  ^ 

Water  flows  250  gallons  per  minute. 

Record  of  well  1\  miles  northwest  of  Moss  Point  j  Jackson  County. 

[Begun  October  3.  1904:  completed  October  12,  1904.    Authority.  John  I^.  Ford,  driller] 

Thickness!  Depth 

(feetK  (fept'. 

Hard,  yellow  clay  (sandy) 20  3) 

Yellow  sand 15  ^ 

Clay  (sandy,  variegated) 15  * 

Sand  (fmc,  white) 50  1« 

Sand  (coarse,  white) 40  J* 

Clay  (sandy ) 70  -^^ 

Sand  (One.  white) 10  2?) 

Clay 150  '^ 

Sand  (fine,  white) 20  2« 

Clay :eo  ■  ^ 

Sand  (fine  gray) 80  ^■' 

Clay ^ 

Main  water  supply  770  to  790  feet.    Yield,  135  gallons  per  minute.    (From  Bull.  l*.  S.  Gef»l.  SunfV 
No.  204.) 
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Record  of  city  wtU  at  ElUsvUUf  Jones  County. 

[Authority,  W.  N.  Logan  and  W.  H.  Perkins.] 

Thickness  Depth 

(feet).  (feet). 

Sand  and  gravel 80  80 

Green  clay 280  360 

Sand 10  370 

Green  clay 230  600 

Sand  rock 12  612 

Greenish  marl 288  900 

Shell  rock 6  905 

Green  marl 195  1,100 

Shells 5  1,105 

Green  marl 295  1,400 

Record  of  city  weU  at  Oxford ^  Lafayette  County. 

[Authority,  W.  N.  Logan  and  W.  R.  Perkins.] 

Thickness  Depth 

(feet).  (feet). 

riay  and  sand 90  90 

Dry  sand 15  105 

Clay 07  172 

Soapstone  (clay) 78  250 

Hard  sandstone 60  300 

Water  rises  to  70  feet  of  surface. 

Record  ofuxiU  at  Lumhertonf  Iximar  County. 

[Authority,  W.  N.  Logan  and  W.  R.  Perkins.] 

Depth 
(feet). 

Coarse  sand  and  some  gravel 40 

Fine  sand 85-90 

Fine  sand  and  white  clay 103 

Hard  white  clay 110 

Soft  but  fine  sand 180 

Hard  white  clay 200 

Hard  and  soft  spots,  water  white 210 

Hard  white  clay,  pipe  goes  28  Inches  per  hour 277 

Whitewater 314 

Blue  mud 612-528 

Blue  mud,  still  in  water 6(X) 

Hard  clay,  white  water 620 

Very  soft  rock. .   670 

Very  soft  white  clay (i82 

Hard  clay 720 

Blue  clay "60 

Hard  rock "70 

Softer  rock 784 

Bluish  rock 830 

Hard  rock MO 

Sand 860 

The  well  was  drilled  to  a  depth  of  1.800  feet. 
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Record  of  cotton-mill  %DeU  No.  1,  Meridian,  Lauderdale  County. 

[Authority,  W.  N.  Logan  and  W.  R.  Perkina.) 

Thickness  Depth 

(teet).  (feet). 

Clay M  14 

Sand 16  30 

Clay 6  36 

Shale H  50 

Sand 1  51 

Llgnitp 2  53 

Sand 3  56 

Shale 2  58 

Pipe  clay 1»  77 

Ligulto , 6  83 

Pipe  clny 7  90 

Sand 2  92 

Clay 3  9S 

Sand 4  99 

Clay 22  121 

Sand 5  126 

Clay 5  131 

Sand 5  136 

Blue  clay 4  140 

Sand 1  141 

Blue  clay 18  ISQ 

Sand 9  168 

Lignite 5  173 

Sand 2  175 

Lignite 4  179 

Sandstone 1  180 

Clay 7  187 

Sand 27  214 

Lignite  and  clay 8  222 

Clay 2  224 

Sand 2  226 

Lignite 2  228 

Sand 27  256 

Clay 12  267 

Lignite 4  271 

Clay 27  296 

Sand 4  302 

Clay 4  306 

Sand 6  312 

Clay 5  317 

Pyrites  rock 1  318 

Sand 3  321 

Clay 7  330 

Lignite 2  332 

Clay 15  347 

Sand 43  390 

Water  rises  within  40  fwt  of  surface. 

Record  ofv^Il  in  ftec.  11,  T.  9,  R.  8  E.,  Leake  Covnty. 
[Authority,  unpublished  notes  of  E.  A.  Smith,  assistant  geologist  of  Mississippi,  1871.] 

Thickness  Depth 

(feet).  (feet). 

Red  clay,  with  a  little  sand 6  6 

Variegated  clays,  containing  shells 10  16 

Light-colored,  fossiliferous  rock  which  effervesces  with  hydrochloric  acid 1  17 

Variegated  clays,  as  above 9  26 

Yellow  sand  to  water 26  52 
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Record  of  xoeU  at  MooregviUej  Lee  County. 

Thickness  Depth 

(feet).  (feet). 

tchalk 155  156 

EatAW  sands,  source  of  water 20  176 

305a.      Record  of  Brick  and  TxU  Company's  well  at  Baldwyn,  Lee  County. 

[Authority,  W.  N.  Logan  and  W.  R.  Perkins.) 

Thickness  Depth 

(feet).  (feet). 

Soil,  clay,  and  sand 40  40 

Limestone  (Selma chaik) 74  II4 

Clay  and  sand  (Eutaw) 220  334 

Water-bearing  sand 46  380 

Water  rises  within  5  feet  of  surface. 

3l!llb.  Record  of  Mobile  and  Ohio  Railroad  w^U,  Tupelo ^  T^e  County. 

[Authority,  M.  &  O.  R.  R.  Co.] 


Thickness  Depth 

(feet.)  (feet). 

Sand  and  gravel 15  15 

Limestonei                                                                                                                                 r  200  215 

Hard  rocklselma  chalk \      1  216 

Soft  rock  J                                                                                                                                 I  150  366 

Greensand,  water-bearing 40  400 

day 30  436 

Water  flows  above  surface. 

Record  of  T.  B.  Minyard'a  inell,  at  Oreenwood^  Leflore  County. 

[Authority.  W.  N.  Logan  and  W.  R.  Perkins.] 

Thickness  Depth 

(feet).  (feet). 

SoQ  and  clay 15  16 

Mod  and  silt 140  166 

Soapstone  (clay) , 200  365 

Oxeensand.  Tith  the  strata  of  hard  rock 20  376 

331a.  Record  of  well  at  Minter  City,  Leflore  County. 

[Authority,  C.  E.  Feigler,  driller.] 

Thickness  Depth 

(feet).  (feet). 

Surlaoesoil 10  10 

Sand 100  110 

Oravel 10  120 

Sand 80  200 

Soapstone  and  pipe  clay  interbedded  with  sand  to  bottom  of  well 237  437 

%%&WU  Record  of  railroad  u^  at  Coiumhus,  Ix)wnd(s  County. 

[Authority,  W.  N.  Logan  and  W.  R.  Perkins.] 

Thickness  Depth 

(foot).  (feet). 

Clay,  sand,  and  gravel 25  25 

Sandstone 300  ;t25 

Oieensand  and  clay 95  420 

9fi5b.  Record  of  railroad  well  at  Artema,  Lowndes  County. 

[Authority,  W.  N.  Logan  and  W.  R.  Perkins.] 

Thickness  Depth 

(foot).  (feet). 

Clay 10  10 

Limestone  (Selma  chalk) 350  360 

Hard  aandstoDe 2  362 

Soft  sandstone  and  soapstone 175  637 

Clay  and  sand 60  8K 

Water  litet  to  within  18  feet  of  surface. 


68  UNDERGROUND-WATER   RESOURCES    OF   MISSISSIPPI. 

Record  of  well  at  Canionf  Madison  County. 

[Authority,  W.  N.  Logan  and  W.  R.  Perkina.l 

Thickness  Depti 

(feet!.  iM'. 

Surface  sand  and  clay 130  la 

CUy 175  32 

WaU» r-boa ri  ng  sand 30  355 

Clay 00  «5 

Water-bearing  sand ^ 30  «» 

Record  of  well  in  gee.  2,  T.  7,  R.  2  E.,  Madison  County. 

[Authority.  E.  W.  Uilgard.] 

Thickii«w  IVptb 

(fWfl.  (l*t!. 

Suriaec  materials  and  bluish  and  srellowish  clay  maris 40  * 

Blue  clay  marl,  poor  in  shells 40  ® 

Blue  sandy  shell  mart,  with  well-preserved  shells 10  * 

Dark-colored,  mostly  bluish,  laminated  clays  interstratlfled  with  layers  of  sand 185  -''> 

Hard  gray  sandstone ^\ 

Yellow  water-bearing  sand 15  30 

(Here  water  rose  to  within  75  feet  of  surface.) 

Dark-colored  sandy  clay,  with  crystals  of  gypsum 85  37^ 

Hard  gray  sandstone ,'i 

Lignite,  intcrstrati&ed  with  layers  of  clay;  above  it  a  stream  of  water  rising  to  within  ^^ 

45  f€et  of  surface  (as  far  as  penetrated) 40  ^ 

tfeSO.  Record  of  town  well  at  Holly  Springs^  Marshall  County. 

[Authority.  W.  N.  Logan  and  W.  R.  Perkins.) 

Thickness  Depth 
(leet).   {l«?ti. 

Reddlshclay  (Columbia) 20  20 

Red  sand  (Lafayette) 87  10^ 

Sand  rock 1  1<* 

Clay 52  1« 

Hard  sandstone i  l®i 

Clay  and  sandstone 13S4  300 

Fine  sand.  watt»r  hearing 1 40  ^ 

Pipe  clay is  353 

Coarse  sand 4  35< 

Sticky  clay 43 


«0 


General  section  of  wells  in  river  bottom  near  Aberdeen,  Monroe  County. 

[Authority.  W.  N.  Logan  and  \\ .  R.  Perkins.] 

Thickness  D-Tth 

itwt'.  (f«l- 

Surface  soil  and  loam 15  '^ 

Siindstono 200  '^^ 

Sand  and  first  water .15  '^ 

Clay  and  lignlto UX)  ^ 

Sand  and  water 30  ^ 

232a.  Record  of  well  at  Amoryy  Monroe  County. 

[Authority,  A.  F.  Crider;  section  obtained  from  old  well  driller.] 

Thicknosj   P'-pth 
(f(vt'.   i'^t'- 

Lafayette  sand 12  ^' 

Lafayette  gravel 6  '* 

Gray  sand,  water  l)earing 1  ^' 

"Soapstone,"  or  joint  clay,  with  thin  layers  of  shelly  sandstone.    The  clay  caved  when 

drilling  well  and  had  to  lx».  cased 115  ^^ 

Mort^  compact  clay,  which  required  no  casing  in  drilling (iS  ^^ 

Sand,  source  of  water. 

Water  was  obtained  in  sand  below  the  compact  claj*.  It  flows  at  rate  of  30  to  25  gallons  per  minaw 
from  a  2i-inch  pipe.  The  water  is  highly  impregnated  with  iron  oxide.  The  pipe  and  gutter  vhx^ 
carry  the  water  from  the  well  are  covered  with  a  thick  coating  of  iron  oxide.  The  same  driller  n'pcrt* 
thAt  a  second  stream  of  water  Is  pTOsent  Ylcto  a\.  a.  «\e:^\,\i  ol  from  240  to  250  feet. 
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Wdl  at  Oattman,  M&nroe  County. 

[Authority.  W.  F.  RUey.  owner.} 

Thtcknees  Depth 

(feet),  (feet). 

Sandy  yellow  clay 18  18 

Fine  saml  (quicksami) 65  83 

Gravf  1  and  sand 4  87 

Yellow  sand 

Gray  sand 

Blue  clay 

Dwp-rod  clay 

Lignitic  clay 

Sand 

Hard  grayish  sand  rock 2  302 

Fine  sand  or  opening  from  which  water  rose  to  >"urface.  furnishing  about  2  gallons  per 

minute 6      '        308 

Small,  round  gravel,  about  the  sla?  of  large  shot 3  311 

Hard  gray  sandstone  (hard  as  millstone),  becoming  softer  and  darker  in  color  below. 

Water  rose  to  surface  from  this  soft  sandstone 312  G23 

Water  flows  above  surface  at  the  rate  of  15  gallons  per  minute,  is  full  of  gas  bubbles,  and  has  a  taste 
o(  borax  and  soda. 

335.  Record  of  well  at  Winona^  Montgomery  County. 

[Authority,  Robert  A.  Allison.] 

Thickness  Depth 

(feet),  (feet). 

Soil  and  clay 25  25 

Orange-colored  ^and 10  35 

Blue  marl 40  76 

Lignite 5  80 

Quicksand 15  95 

Black  clay 50  146 

Coarse  sand,  containing  fair  supply  of  water 10  165 

Lignite 10  166 

Blue  marl 35  200 

Fine  sand 15  216 

Clay 10  226 

Quicksand 60  285 

Oay 40  326 

Fine  sand,  coarse  on  top 25  350 

Brown  clay. 35  385 

Coarse  sand,  gravels  on  top 27  412 

Water  Is  obtained  in  the  lowest  layer  of  coarse  sand  and  gravel  at  a  depth  of  395  feet.  About  25  or 
30wagonloadsof  sand  were  pumped  from  the  well  during  the  first  three  or  four  days.  After  that  .the 
sand  ceased  to  rise,  and  the  well  now  furnishes  an  abundant  supply  of  water,  which  is  not  perceptibly 

lowered  with  an  air-lift  pump.    Water  is  clear  and  free  from  minerals,  and  is  reported  to  have  a 
temperature  of  65®  F. 

4l44b.  Record  of  railroad  v^ell  at  Broohnlle,  Noxubee  County. 

[Authority,  W.  N.  Logan  and  W.  R.  Perkms.] 

Thickness  Depth 

(feet).  (feet). 

Clay S  8 

Limestone  (Selma  chalk ) 450  458 

Hard  sand 4  462 

Soft  sand 150  612 

Greensand  and  water 45  657 

Thg  water  rises  within  (iO  feet  of  surface 

345.  Record  ofv^eU  at  Clifionville,  Noxubee  County. 

[Authority,  J.  H.  Cunningham,  driller.] 

Thickness  Depth 

(feet).  (feet). 

Selma  chalk MO  300 

Greensand 20  320 

White  sand 20  340 

Greensand 10  350 

White  sand 40  390 

Ferruginous  sandstone \  "JKV 

Dark  greensand.  aourcc  of  water ^  "i*^ 
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346.  Record  qfweU  at  Ravine,  Noxvhee  County. 

[Authority,  J.  B.  CtmninghAin,  driller.] 

Thickness  Depth 

(leet).  (feet). 

Selma  chalk 250  250 

Oreenlsh-eolored  sand  (Eutaw) 475  725 

349.  Record  of  Mobile  and  Ohio  Railroad  toefl,  Macon,  Noxubee  County. 

[Authority,  W.  N.  Logan  and  W.  R.  Perkins.] 

Thickness  Depth 

(feet).  ffeet>. 

Clay 8  8 

Limestone  (Sehna  chalk) ; flOO  €OS 

Hard  sandstone 3  6U 

Soft  sandstone 65  676 

Greensand  and  water 40  716 

Soapstone : 53  7fi9 

tfe51.  Record  ofShuqualak  «W/,  Noxubee  County. 

[Authority,  \¥.  N.  I^igan  and  W.  R.  Perkins.] 

Thickness  Depth 

(leet).  (feet). 

Clay 10  10 

Limestone  (Selma  chalk) 750  760 

Sandstone 100  860 

Greensand  and  water 50  910 

Water  rises  within  10  feet  of  surface. 

354.  Record  of  well  at  StarJcviUe,  Oktibbeha  County. 

[Authority,  Bulletin  of  the  Mississippi  Agricultural  and  Mechanical  College,  vol.  1,  No.  2,  page  10.] 

Thicknes  Depth 

(feet),  (feet). 

Surface  soil 14  14 

Selma  chalk 749  7fi3 

Shell  rock 4  767 

Clay  (sandy) : 24*  791i 

ShHlrock 7  879i 

Sand  (micaceous) 56  854* 

Clay 10  864* 

Sand 35*  900 

Water  rises  within  lao  feet  of  the  surface. 

355.  Record  of  town  well  at  BatesvUU,  Panda  County. 

[Authority,  W.  N.  Logan  and  W.  R.  Perkins.] 

Thickness  Depth 

(feet).  (feet^. 

Surface 10  10 

While  sand 25  35 

Bluo  clay 10  45 

Clay  and  sand 215  2ti0 

Ro<'k 2  262 

Wator-bcaring  sand 40  302 

Water  rises  20  feet  above  the  surface;  flows  TiO  gallons  per  minute. 

357.  Record  of  well  at  Barfpara,  Ferry  Coutiiy. 

[Authority,  A.  J.  Thomas,  owner,] 

Thickness  Depth 

(feet).  (feet). 

Red  surface  clay 40  40 

Coarse  sand  and  sandstone 2  42 

Bluo  pipe  clay 7  49 

Yellow  sand 13  62 

White  Band  and  sandBtone 10  72 
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Oeneral  section  of  xceUs  at  IlaUieslmrg,  Perry  County. 

[Authority,  W.  N.  Logan  and  W.  R.  PerUna.] 

Thickness  Depth 

(feet).  (feet). 

Pinkish  clay 100  100 

Water  and  sand 30  130 

Giwnishclay 150  280 

Water-bearing  sand  and  gravel 20  300 

There  are  about  25  wells  in  the  town  flowing  from  5  to  50  gallons  per  minute. 

9^f>k  Record  of  wdl  at  Brown,  Perry  County. 

[Authority,  A.  (J.  Brown,  owner.] 

Thickness  Depth 

(feet).  (feet). 

RedcUy 20  20 

Variegated  sand,  of  white,  red,  and  yellow  color,  with  occasional  thin  lasrers  of "  rock  "...    23  43 

Water  obtained  at  38  feet. 

367.  Record  of  well  at  Ecru,  Pontotoc  County. 

[Authority,  Albert  (Joldsbury,  driller.] 

Thickness  Depth 

(feet).  (feet). 

Red  clay  and  loam ! 23  23 

Blue  clay 27  50 

Hard  limestone 4  54 

Reddish  muddy  sand 5  50 

Shell  mart 1  60 

Sand 3  63 

Reddish  sand,  water-bearing 10  73^ 

Gray  clay  to  bottom  of  well 20    ^      i  93 

Diameter  of  well,  6  inches.    Water  barely  flows  over  surface,  and  is  raised  to  tank  by  steam  pump. 
It  is  clear,  and  is  usi*d  in  locomotive  )K>ilers. 


37§.  Record  of  L.  MarJat^s  wWZ  at  Rh^erftide,  Quitman  County. 

[Authority,  W.  N.  trogan  and  W.  K.  Perkins.] 

Thickness  Depth 

(feet).  (feet). 

Blue  mud 40  40 

Mud  and  water-bearing  sand 45  85 

Water-bearing  sand  and  gravel 50  135 

Sand  and  gravel 40  175 

Soapstone  (clay) 220  395 

Rock i  395J 

Soapstone  (clay) 50  445J 

Rock i  446 

Greensand 10  450 

Lignite 1  457 

Soapstone  (clay)  and  water-lx?aring  sand 179  636 

Record  oftoum  wdl  at  Foretitj  Scott  County. 

[Authority  W.  N.  Logan  and  W.  R.  Perkins.] 

»                                                                                                     ThicknesH  Depth 

(f'^t).  (f<vt). 

Mud  and  gumbo 60  60 

Black  mud 15  75 

Grayish  sandy  clay 25  100 

Gray  sand  and  Iron  pebbles 50  150 

Lime  rock 40  190 

Saady  rock 5  195 

Dark-gray  hard  rock 22  217 

Water-bearing  sand 2  219 

Water  rises  within  90  feet  of  surface. 
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Record  ofxvdl  in  see,  8,  T.  10,  R.  7  W.,  Sharkey  County, 
[Authority,  unpublished  notes  of  E.  A  Smith,  assistant  geologist  of  Mississippi,  1870.] 

Thickness  Depth 

(feet),  (feet). 

n"t^^w-; N  20 

Dark,  sticky  clay ] 

Buckshot  clay 10  30 

Fine,  sticky,  sandy  clay,  containing  water 30 

3§  1 .  Record  of  well  at  TayhrsviHe,  Smith  Cminty. 

[Authority.  W.  N.  Logan  and  W.  R.  Perkins.] 

Thickness  Depth 

(feet).  (feet). 

Grayish-brown  clay 100  100 

Blue  clay 200  300 

Sand,  gravel,  and  water 15  315 

Brownish  clay 85  400 

Hard  rock 23  423 

Sand 3  426 

Brownish  clay 704  1, 130 

Brown  sand,  very  fine 5  1, 135 

Water  flows  10  gallons  per  minute. 

3 §3.  Record  ofweU  at  Dockery^  Sunflower  County. 

[Authority,  Will  Dockcry,  owner.] 

Thickness  Depth 

(feet).  (feet). 

White  sand 60  60 

Gravel  and  sand 115  175 

Quicksand  with  strata  of  clay  about  50  feet  apart;  flowing  water 600  775 

Sand  rock  in  layers  18  inches  to  2  feet  thick  interbedded  with  sand 25  800 

Greensand  interbedded  with  rook .".....: 129  929 

lll94.  Record  of  well  at  Charleston^  Tallahatchie  County. 

[Authority,  W.  G.  ITarvey,  owner.) 

Thickness  Depth 

(feet).  (feet). 

Sands,  silts,  and  clays 200  200 

Sandstone  rock 10  210 

Lignite  and  lignitic  clays 140  350 

Quicksand 100  450 

Water  rises  8  to  10  feet  above  the  surface..    Capacity,  25  gallons  per  minute. 

Record  of  town  w^l  at  Charleston,  TaUahatchie  County. 

[Authority,  W.  N.  Logan  and  W.  R.  Perkins.) 

Thickness  D<mth 

(feet).  (feet). 

Clay  and  blue  mud 50  50 

Sand 40  90 

Soapstone  (clay) 100  190 

Hard  white  rwk 2  192 

Water-bearing  sand 100  292 

Soapstone  (clay) 30  322 

Wator-boariiig  sand • 40  M2 

Well  flows  32  gallons  jx-r  minute. 

301.  Record  of  well  at  Staghorn,  Tate  County. 

[Authority,  S.  T.  Claj'ton.  owner.] 

Thickness  Depth 

(feet).  (feet). 

Surface  clay 20  20 

G  ravel  and  sand 15  35 

Red  sand  which  cliange^  to  white,  sand ^ 

Pipeclay  and  sand,  furnishing  water /  ^^  ^^^ 

Water  rises  but  a  tow  feet  in  the  well. 
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Record  of  well  at  Senaiohiay  Tate  County. 

[Authority,  W.  N.  Lof^an  and  W.  R.  Perkins.] 

Tbicknesa    Depth 
(feet).       (feet). 

rUy 24  24 

Coarse  gravel 15  30 

Quicksand 21  60 

Clay 4  64 

Sand 10  74 

White  clay 2  76 

Sand 14  90 

Pipe  clay 2  92 

Water-bearing  sand 28  120 

Water  stands  within  40  feet  of  the  surface. 

303.  Record  of  weU  at  Tunica^  Tunica  County. 

[Authority,  W.  J.  Brigham.] 

Thickness    Depth 
(feet).       (feet). 

Alluvial  sand  and  clay 15  15 

Fine  silt,  sand,  and  clay 75  90 

Fine  white  sand 250  340 

Sand  and  gravel  with  layers  of  lignite 

Sand 

Hard,  impervious  clay 

"White  sand  containing  water 

Water  is  soft  and  flows  above  surface. 


525  865 


305.  Record  of  weU  5  miles  west  of  Lon0oum,  Tunica  County. 

[Authority,  W.  N.  Logan  and  W.  R.  Perkins.] 

Thickness  Depth 

(feet).  (feet). 

Soil  and  clay 30  30 

Sand 110  1 40 

Pipeclay 260  400 

Rock 1  401 

Sand 10  411 

Soapstone  (clay) 60  471 

Sand  and  water 50  521 

Water  flows  15  gallons  per  minute. 

306.  Record  of  well  at  New  Albany,  Union  County. 

[Authority,  Ed.  Baker,  driller.] 

Thickness  Depth 

(feet).  (feet). 

Surface  clay 20  20 

Calcareous  sandstone 4  2^ 

Clayey  sand,  water  bearing 15  39 

Blue  sandy  marl  containing  shells,  with  strata  of  limestone  3  to  4  feet  thick  at  occa- 
sional intervals 165  2M 

White  sand,  source  of  wat«»r .• 20  224 

307.  Record  of  city  w^ell  at  Inland,  Washington  County. 

[Authority,  E.  F.  Turner,  chairman  of  water  committee.] 

Thickness  Depth 

(feet).  (feet). 

Buckshot  clay 2  2 

Fine  sand 138  140 

Gravel 14  154 

Hard  blue  clay,  containing  six  strata  of  sandstone  rock,  ranging  in  thickness  from  6 

inches  to  2  feet 298  452 

C^Mrse  gray  sand GO  512 

Analysis  of  the  above  water  is  reported  to  have  given  154.1  parts  per  million  of  solid  matter,  119.8 
of  which  were  soda. 
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309.  Record  of  town  weU  at  Waynesboro,  Wayne  County. 

[Authority,  W.  N.  Logan  and  W.  R.  PerUna.] 

Thickness  Depth 

(feet).  (fwt). 

Surface  clay " 30  30 

Sand  and  water 150  180 

Marl  and  clay  with  flint  "bowlders" 300  iSO 

Water-lM»aring  sand 20  50O 

Clay 25  525 

Water  flowed  above  surface  from  180  feet. 

31§.  Record  ofvjeU  at  Water  Valley,  Yalobusha  County, 

[.Vuthority,  R.  F.  Kimmons,  mayor.] 

Thickness   Depth 
(feet).       (feel)- 

Common  surfact^  clay 12  12 

Water-bearinff  sand 15  2? 

Stiff  pipe  clay 18  ^ 

Water-bearing  sand 15  ^ 

The  city  of  Water  Valley  has  nine  wells  similar  to  the  alwve.  which  furnish  500,000  gallons  ol  vaXCf 
per  day.  Water  stands  within  12  feet  of  the  surface.  Six  of  the  wells  have  furnished  the  above  amooi**' 
of  water  without  any  appreciable  variation.    All  the  wells  are  dug  within  a  radius  of  100  feet. 

Record  of  well  in  sec.  2Sy  T.  IJ^,  R.  J^  W.,  Yazoo  County, 

[Authority,  unpublished  notes  of  E.  A.  Smith,  assistant  geologist  of  Mississippi,  1970.] 

Thickness  Depth 

(feet).  (feet). 

Surface  soil 2J  2\ 

Red  clay 6  sj 

Buckshot  clay ^ 

Blue  mud /    ^^^  * 

Water  i.s  warm  ami  has  slight  inini'nil  taste. 

SANITARY   ASPECT  OF  WELLS. 

Then^  is  a  widespread  popular  Iwliof  that  <»lear,  cold  water  coming  from  any  kind  of  well 
i.s  pure  and  wholesome,  and  until  n»eent  years  the  open  well  has  heen  considered  one  of 
the  most  valuable  adjuncts  of  the  home  or  fann.  In  reality,  however,  wells  of  the  open 
iyi>e  are  es|K'eially  liable  to  pollution  and  may  be  the  source  of  disease.  On  many  premLst^ 
th<»  o|X'n  well  is  in  the  lowest  ground,  and  alM)ve  it  on  the  slopes  are  bams,  outhouses,  and 
dwellings.  Such  a  ease  is  illustrated  in  1*1.  VI,  B.  The  lowi»9t  groimd  is  chosen  for  the 
well  l)ecause  water  is  found  there  at  less  depth  than  elsewhere.  The  fact  that  the  impuri- 
ties from  the  sources  mentioned  are  carried  l)oth  by  the  surface  water  after  each  rain  and  by 
underground  s4M»page  downward  in  the  direction  of  the  well  is  commonly  lost  sight  of. 
Water  laden  with  impurities  may  either  enter  the  top  of  the  well,  where  this  is  unpn>- 
tectetl  by  embankments,  or  it  may  enter  through  the  wood,  brick,  or  stone  curbing.  The 
])olluti()n  of  the  well  by  seepage  is  especially  lik(»ly  to  occur  where  the  soil  is  porous  and  the 
w(»ll  shallow,  and,  in  limestone  regions,  where  open  underground  channels  exist. 

[t  is  not  infrequently  the  raM'  that  open  wells  are  left  uncovered,  so  that  impurities  car- 
ried by  the  winds  are  free  to  settle  through  the  open  mouth.  Where  covered, the  top  of 
the  well  is  often  but  little  above  the  ground  h»v(»l,  and  the  covering  is  made  of  unjointed 
planks  loosely  thrown  down  and  having  large  ojx'nings  between  them.  W^ooden  curbs, 
which  in  dry  weather  shrink  and  later  admit  nuich  surface  water  to  the  well,  are  in 
common  use.  Chickens  and  pigs  t  ramping  around  the  barnyard  and  open  privies  and  work- 
men from  the  baniyard  or  manured  lields  often  carry  filth  on  their  feet.  The  first  shower 
of  rain  or  the  drippings  from  the  well  bucket  may  cany"  these  poisonous  germs  into  the  well. 
There  are  numerous  in.stances  in  Mississippi  when*  little  cesspools  have  l)cen  dug  in  the 
ground  near  the  wells  and  an^  kept  filled  with  water  for  chickens,  ducks,  turkeys,  and  pigs. 
This  water  IhTomos  highly  polluted  and  more  or  less  of  it  sinks  into  the  earth  and  finds  its 
way  directly  into  the  weU. 


U.    5.   OCOLOQICAL  SURVEY 


WATER-SUPPLY    PAPER    NO.    M9      PU  VI 


.4.     OUTFIT   FOR   DRIVING  TUBULAR  WELLS. 
Such  wells  are  ordinarily  safe,  as  the  shallow  polluted  waters  are  shut  off. 


B      A  COMMON    BUT    HIGHLY    DANGEROUS   WELL    LOCATION    NEAR   BARNS 
AND   OUTHOUSES. 

Drj  rigp  ,s  to//.v<J  A^i,.     Pnctograpr.  by  ^A.  \».  Fu\Wt, 


/ 


\ 


SANITARY    ASPECT   OF   WELLS.  7i 

When  in  health  the  human  body  is  resistant  to  disease,  and  polluted  waters  may  be  use 

^or  years  without  causing  sickness;  if,  however,  the  human  system  for  any  reason  become 

^^veakened,  disease  germs,  if  pre.sent,  may  rapidly  develop.    Many  outbreaks  of  typhoi 

^«ver,  both  in  this  country  and  in  Europe,  have  been  traced  to  polluted  wells  or  to  mil 

distributed  in  cans  washed  in  the  water  from  them. 

The  weU,  if  used  for  drinking  water,  should  occupy  a  high  point  on  the  premises  an 
should  be  so  situated  that  polluted  waters  from  any  source  can  not  run  near  it.  If  the  we 
Is  an  open  one  the  upper  part  should  be  dome-like  in  shape  and  sealed  with  cement,  with 
'tightly  fitting  top,  so  that  no  impurities  of  any  kind  can  get  in. 

Many  who  are  accustomed  to  the  open  well  have  a  prejudice  against  drinking  water  froi 
an  iron  pump,  llie  driven,  bored,  and  drilled  wells  have,  however,  many  advantages  ove 
the  large  dug  wells,  some  of  which  are  as  follows: 

1.  There  is  less  possibility  of  getting  impurities  into  small-bore  wells  put  down  wit! 
machinery. 

2.  lliere  is  always  a  possibility  that  rats,  frogs,  and  other  objectionable  animals  or  mattei 
such  as  filth  from  the  barnyard,  will  get  into  an  open  well  if  the  cover  is  left  off  in  som 
unguarded  moment.  The  well  of  small  diameter  which  has  a  pump  in  it  is  sealed  froi 
all  small  animals,  bugs,  and  even  dust.  A  few  strokes  of  the  pump  will  remove  the  wate 
which  has  been  standing  in  the  pipe  and  bring  up  water  which  is  fresh  and  uncontaminatec 

3.  The  well  of  small  diameter,  when  properly  made,  shuts  off  all  surface  waters  an 
objectionable  seepage  waters.  If  a  good  supply  is  found,  all  the  objectionable  waters  abov 
and  below  should  be  cased  off,  so  that  only  the  desirable  supply  is  admitted  into  the  pip< 

The  so-called  "streams"  of  water  in  Mississippi  and  the  entire  Gulf  embayment  are 
occur  in  horizontal  sheets  of  sand.  These  water-lx?aring  sands  are  usually  overlain  b 
layers  of  clay  which  prevent  the  waters  immediately  above  the  clay  from  entering  the  sand 
below.  Where  this  tough  clay  layer  is  penetrated  by  the  drill  the  water  from  above  wi 
flow  down  to  the  bottom  of  the  well  unless  it  is  shut  off.  But  when  iron  casing  is  put  ii 
packing  can  be  placed  between  the  outside  of  the  pipi*  and  the  clay  layer,  thus  sealing  u 
the  hole  made  by  the  drill  and  shutting  off  undesirable  waters. 

4.  It  is  not  possible  to  dig  wells  by  hand  to  a  very  great  depth,  and  in  some  instance, 
as  in  some  localities  in  the  Northeast  Prairie  and  in  the  Yazoo  IX'lta,  it  is  impossible  to  di 
them  to  the  desired  source  of  water  without  putting  in  some  kind  of  curbing.  In  th 
various  artesian  basins  over  the  Stat^  artesian  welLs  are  obtained  only  by  drilling  or  boring 

If  water  runs  through  a  .sufficient  amount  of  pure  sand  it  will  give  up  a  considerable  pai 

of  its  impurities.     A  large  part  of  the  surface  of  Mississippi  Is  made  up  of  such  sand,  whic 

serves  as  a  natural  filter  for  the  waters.     In  the  more  hilly  sections  of  the  State  this  san 

-  contains  such  a  small  amount  of  decayed  organic  matter  that  waters  even  from  the  shallow 

I  wells  in  the  Lafayette  sands  rarely  show  a  trace  of  organic  matter.     The  shallow  wells  ver 

1  seldom  have  any  strong  undesirable  minerals  in  their  waters,  so  that  such  wells  in  the  run 

I  hilly  districts  of  the  State  furnish,  as  a  rule,  excellent  drinking  water. 

Conditions  are  different  in  the  Yazoo  Delta  and  in  the  Northeast  and  Central  prairicj 
The  delta  is  a  low,  recently  formed  land,  made  up  of  sands  and  clays  containing  a  larg 
amount  of  decayed  vegetation.  Tlie  soil  is  verj^  fertile  and  produces  a  vigorous  growth  c 
succulent  plants,  many  of  which  grow  up  and  decay  in  a  year.  Large  quantities  of  fre 
anunonia,  albuminoids,  nitrates,  and  nitrites  are  thus  set  free,  part  of  which  are  carried  dow 
into  the  soil  and  thus  come  in  contact  >^nth  the  waters,  which  rise  within  a  few  feet  of  th 
surface. 

In  the  Northeast  and  Central  prairies  much  of  the  surface  sand  has  been  removed,  lea\Tn 
a  limestone-clay  soil,  which  as  a  rule  is  barren  of  water. 
IRR  159—06 6 
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A. 

Aberdeen,  wells  at 68, 76 

Ackcrman.  well  at 76 

Adams  County,  description  of 27 

rocks  of 27,40-41 

wells  of 27 

Alabama,  rocks  in 21,24 

Alabama-Mississippi  River  section,  figure 

showing 19 

Albin,  well  at 58-59 

Alcorn  County,  description  of 27 

rocks  in 7,8,20,21 

wells  in 27,40-41,60 

Allison,  R.  A.,  well  records  by 35,60 

Alluvium,  character  of : 5 

occurrence  of 13 

water  value  of 5 

Amite  County,  wells  of 27 

Araory,  wells  at 54-55,68,76 

Antioch,  rocks  at 8 

Artesia,  well  at 54-55, 67, 76 

Artesian-water  map  of  Mississippi 20 

Artesian  wells.    See  Wells,  artesian. 

Attala  County,  rocks  in 23 

well  in 27,31,40-41,60 

B. 

Baker,  Ed.,  well  record  by 73 

Baldyn,  spring  at 79 

well  at 52-53, 67 

Barbara,  well  at 50-57,70 

Bamett,  wells  at 28-29,40-41 

Batesville,  well  at 9, 22, 36, 50-57, 70, 76 

Battlefield,  rocks  at 10 

Bay  St.  Louis,  rainfall  at 14 

spring  at 79 

well  at 26,27,42-45, 62 

Belen.  wells  at 56-57 

Belmont,  well  at 58-50 

Benton  County,  rocks  in 22 

wells  in 22.27 

Big  Black  River,  course  of 3, 34 

rocks  on 31 

wells  on 28. 34, 35 

Big  Sandy  Creek,  wells  on 28 

Bigl>ee  Valley,  well  at 54-55 

Biloxi,  wells  at 25, 26, 44-45, 76 

Biloxi-Pass  Christian,  wells  along,  section 

of 25,62 

Blesbing,  I.  \V.,  well  record  by 63 

Blue  Mountain,  spring  at 79 

Blue  Spnnga,  rocks  at 8 

Bluff  formation.    See  Loess. 


P««e. 
BoUvar  County,  rocks  in 28 

wells  in 28.40-41,60 

Bolton,  well  at 31,34, 48-49 

Bond,  well  at 44.45 

Booneville,  elevation  of 2 

wells  at 37 

Brandon,  rocks  at n 

Brigham,  W.  J.,  well  record  by 73 

Brookhaven,  wells  at 52-55, 76 

Brookviile,  well  at 54-55,69 

Brown,  well  at 56-57,71 

Brown,  A.  G.,  well  record  by 71 

C. 

Caledonia,  springs  at 79 

weUat 35,54-55 

j  Calhoun  County,  description  of 28 

rocks  in 22, 28 

I  streams  of.., 28 

I  wellsin 22,28 

!  Canton,  wells  at 34,54-55,68,76 

I  Carl>oniferous  rocks,  character  of 5,6 

occurrence  of 4, 6, 38 

water  value  of 6,6 

Carroll  County,  description  of 28 

rocks  in 10, 23, 28 

wellsin 28,40-41,60 

Carrollton,  wells  at 28, 40-41 

C^ar  Bluffs,  well  at 42-43,61 

Chalk,  porosity  of 16 

Chamberlin,  T.  C.  artesian  conditions 18 

Charleston,  wells  at 58-59, 72 

Cherry  Creek,  elevation  at 22 

Chester,  wells  at 40-41 

Chickasaw  County,  rocks  in 8, 21, 28 

wells  in 28, 40-41 ,  61 

Chickasawhay  River,  elevation  of 4 

rocks  on 11,24 

wells  on 24,30,36,39 

Choctaw  County,  rocks  in 22 

wpIIs  in 28, 40-41 

Chunkey,  wells  at 36,54-55 

Claiborne  County,  rocks  in 25 

wellsin 28,40-41,61 

ClailK>rne  group,  description  of 5. 9-10 

dip  of 24 

occurrence  of 28,29,31,33,34,35.37,38,39 

di  visions  of 5 

water  value  of 5, 10. 23-24 

Clarke  County,  description  of 28 

rocks  in 10,28-29 

wellsin 23,28-29,40-43,61 

Clarkfldale,  weU  at 29,4»-43,76 

at 
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Pa«e. 

Clay,  poroalty  of 16 

Clay  County,  rocks  in .*.    8,29 

wells  in 29,42-43,61 

Clayton,  S.  T.,  wi'U  mcord  by 72 

Clayton  limti-fiioini^,  chiintct^'r  of 5,8 

tucourrenw  of 8 

water  value  of 5, 8 

Cleveland,  wells  at 40-41, 76 

ClSf tOfl^  ille,  well  at      54-55, 09, 76 

CoiOloma  CounlyH  ^dl»  In 29. 42-43 

CoAm  IftDdA,  cpmponr^nts  of 6 

Coff*evlH«,  well  at .  9.23,39,58-50 

Cotil water  Cnwk^  eharacter  of 3 

Columbia,  wiOVs  at 25,34, 54-56,76 

Columbia  I oarn, occurrence  of 32 

Columbus,  wells  at 34,54-55,67,76 

Commerce,  well  at 58-50 

Cooksville,  well  at 54-55 

Cij[.,  .   rocksln 12,25,29 

wells  in 29-30,42-43 

Corinth,  wells  at 4,6,7,27,40-41,60 

Covington  County,  wells  in 30 

Crawford,  well  at 54-65,76 

Crelfticeoua  roi-k^, f liarftctrr  of 5, 6-8 

occurrence  of 4, 6-8, 37, 38 

water  value  of 5,6-8 

Crevi.welUt  68-59 

Cri«lf  -    *.    r    wril  record  by 68 

work  of 1 

Cruger,  well  at 48-49 

Cunningham,  J.  B.,  well  records  by 69,70 

D.       • 

Daniel,  rocks  at 11 

Dttrtnn.  S   IL  OTiMackson  well 31 

De  Soto,  well  at 29, 40-41 

De 5oto  County,  rocks  in 12 

wells  in 30 

Dwr  Creek,  wells  on 63 

Dellslo,  well  at 31,46-47 

Devonian  rocks,  character  of 5, 6 

i'.irri  l,jli.>:i  i^f     6 

occurn*nce  of 4, 0, 38 

water  value  of 5,  C 

Dixon,  well  at 54-55 

Dixon.  A.,  well  rrcord  by 62 

Dockcry.  well  ai rxH-SQ, 72, 76 

Dockery.  Will,  well  record  by 72 

Doddsvillc.  well  at 5»-5l), 70 

Dolomite,  porosity  of 16 

Dumas,  wt-Il  at 5JS-59 

Diirant,  spring  at 79 

w«'lls  at 4.H-40, 70 

K. 

EuglfS  Nest,  well  at 42-4:i 

Eastvillo,  r(H'ks  at 10 

Ecru.  I'lovution  at '2'2 

well  at 22. 37,  .7(V-:.7. 71 

Eiiisviiio,  w.-ii  at 2'). :r2. ry>-r>i. r,o 

E^4i'^li^l^t•   wrJi.at 20,  4(>-41.(.l,77 

SoOL^ne  fnrkB,  thriraet<'r  of 5 

water  vahio  of 5 

Eutaw,  Ala..  Eutaw  formation  at 7 

Eutaw  formation,  character  o( 5,7,20 

dipof 21 

occurre/Ki'  of 7, 20-21, Xi,  35 

•    water  vbIuv  of 5,7,21 


Five. 
Eutaw-Tuflcaloosa  horison,  water  yaloe  of.  20-21 
Evaporation,  amount  of 15 

F. 

Feigler,  C.  E.,  well  records  by 34,«7 

Field  work,  scope  of 1 

Flatwood,  rocks  at 8 

Flat  woods  area,  location  and  character  of. .         8 

Flora,  well  at 54-66 

Florida,  rocksln 24 

Fonta1nt.'Mean,  wtiUftat 26,4^-49 

Ford,  J   L, ,  well  nwcirds  by 62,64 

Forest,  ele  vat  ioti  at 3 

well  at 37,66-57,71 

Forrest,  well  at 50-51 

Fort  Andrt>w«-Oattmnn      section,      figure 

showing 20 

Franklin  County,  wells  in 30 

French  Camp,  rocks  at 10 

O. 

Qattman,  well  at 64-65,60 

riHttmiin-Fort    Andrews    section,    flgore 

showing 20 

Oeography  outlJtieof. 2 

Geology,  description  of 4-13 

Cilendora,  well  at    68^50,77 

Ooldalmry  Albert,  well  record  by 71 

Graham,  mck«  at.         8 

<Vnind  niiif  f  urmat Ion  p  character  of 5,11-12 

dipof 25 

occurrence  of 11-12, 

25,27,28,29,30,31,32,33,34,37,38 

section  of 25 

water  value  of 5, 12,24-26 

0  ranite.  porcwiSl  y  of 16 

C  ttvn*  County  wells  in 30 

0  nvnyJUe.  fllevatlon  of 3 

n'd  at-  77 

Greenville- West      Point      section,     figure 

showing 19 

OriicnwniMi,  lirVuiktiL  of. 3 

wells  at 24,34,52-53,67,77 

Grenada,  rocks  at 9,10,35 

wells  at  and  near 30,42-43,62,77 

Grenada  County,  rocksln 23 

wells  In 30,42-43,62 

Ground-water  table,  topography  and,  rela- 
tions of 16-17 

topography    and.    relations   of,    figure 

r-"--N.f< 17 

Gulf  tuustal  riutn,  artesian  conditions  in. .  18-19 
ikftc^Sun  ronii  lions  in,  figure  showing. .        18 

grH^logit'  rondlltotifl  on 1 

water  coiiclitions  on 1 

(Julfport,  well  at 26,46-47,77 

Guntown,  wells  at 52-.'>« 

II. 

lIanc(Mk,  wells  at 30-31 

Hancock  County,  description  of 30 

rocks  in 11-12,27, 30 

wells  in 30-31,42-45,62 

Ilansboro.  wells  at 46-47 

Harris.  G.  I).,  on  Clayton  limestone 8 

Harrison  County,  description  of 31 

rocks  in 11-12,27,31 

w  cWs  \w 31 ,  44-49, 62-63 


INDEX. 


88 


Harvey,  W.  G.,  well  record  by 72 

Hattiettburg,  rocks  at 25 

wellaat 38,56-67,71,77 

Hazlehuret,  elevation  near 4 

springs  at 79 

Heda,  well  at 56-^57 

Hermanvilk*,  wtJlsat 40-41,61 

Heratindo,  wel  at 30 

Harrington,  W  G.,  well  record  by 61 

Hiokorj',  wells  at 54-55,77 

Hilgard.  E.  W..  on  Claiborne  formation 10 

on  Clayton  limestone 8 

on  G  rand  Oiil/  formation 11 

on  UgnU\e  lormation 9 

on  Port  IIudaoQ  formation 13 

on  yellow  loam  13 

wvll  ft(^clSona  by  63,68 

Hinds  County,  rocks  In 12,25,31 

wells  in 31,48-49,63 

Hinze,  rocks  at 10 

Holly  Springs,  elevation  near 3 

well  at 54-55,68,77 

Holmes  County,  description  of 31 

wells  in 24,31,30,48-49 

Bom  Laker  elevation  near 3 

Houston^  rocks  ill  8 

Howlson,  vdl  ar     46-47,63 

Hudson vilie,  wiell  at 54-55 

Hurricane  Creek,  rocks  at 10 

I. 

Indian  Creek,  rocks  on 6 

ndianola,  wtJU  at 58-59, 77 

Iron,  OCT;urrenrt'  of 12 

lasa^iuentt  County,  rocks  in 32 

weilflin  32,63 

Itijwiiniba  County   rocks  in 6,12,20.32 

wells  in 32 

lttal)ena,  well  at 52-53,77 

luka,  elevation  of 2 

luka  Springs,  character  of 38 

J. 

Jackson,  rocks  near 11 

wells  at 24,31,32,48-49,63,77 

Jackson  County,  description  of 32 

rocks  in 11-12, 27,  ;C 

wells  in 32, 4»-51, 64 

Jackson  forniution,  character  of 5,10 

occurrence  of 10,28,31,32,36.37 

views  of 10 

water  value  of 5, 10-11 

Jadk^on  pruj rk-a  Jinkflfjn  formation  on 3. 10 

topography  of 3 

Jasper  County,  wolls  in 32 

Jefferson  Cotiiity.  wells  in 32 

Johnson,  L.  C,  on  Jackson  well 32 

on  Pascagoula  formation 11,24 

work  of 1 

Jones  County,  rocks  in 32 

wells  In 32,50-51, &5 

Jonestown,  well  at 42-43 

K. 

Kemper  County,  rocks  in 8,22,32 

wells  in 32, 50-51 


Page. 

Kimmons,  R.  P.,  well  record  by 74 

Kindle  and  Schucbert,  correlation  by 6 

Kosciusko,  rainfall  at 14 

well  at 27,40-41,60 

Kossuth,  rocks  near 8 

L. 

La  Grange  group.    See  Wilcox  formation. 

Lul'l,  ,  nn  N(vj  Til  Mr  County  well 36 

\.;lU  yt' tie  Coun ty  rocks  in 12, 22 

wtJUiti  32-33,50^1,65 

1,11  Li  >  <'ite  |urm**tltm,  character  of 5, 12 

dipof  27 

(Mx-iirfprirt^  iif ^^t^t 

23, 26, 27, 28, 30, 31, 32, 33, 34, 35, 38, 37, 39 

water  value  of 5,12,26-27,75 

Lamar  County,  wells  of 33, 50-51, 65 

See  aito  Marion  Count y, 

Liimljt^rt,  wdUm 56-57 

LHudi^rduler  wella  at 33, 50-51 

Lauderdale  County,  description  of 33 

rocks  In 22,23,33 

wells  in 23,33,50-53,66 

Liiurvl  wuLl  «l  25, 32,50-61 

Lawrenco  County,  rocks  in 33 

Wf^lUln.  33,52-^ 

Ixjaf  River  elevation  of 4 

wells  on 36 

Leake  County,  rocks  in 10,23,33 

wells  in 33,66 

Lee  County,  rocks  in 8,33 

wells  In 33, 52-^3, 67 

Leflore,  well  at 77 

Leflore  County,  description  of 34 

rocks  in 34 

wells  in 24,34,52-53,67 

Leland,  elevation  of 3 

section  at 39 

well  at 39,58-59,73,77 

Lexington,  wells  at 48-49,77 

L.  1^  i , , ;.  M  J .  i  i  J ,  .1 L ,  J  n ,    See  Wilcox  formation. 

Limestone,  porosit  y  of 16 

Lincoln  County  rocks  in 12,34 

wdlslQ 34,52-55 

Lisbon  formation ,  chantetiT  of 5, 10 

occurrence  of 10, 28-29, 36, 39 

water  value  of 5, 10 

Loam,  yellow,  character  of 5, 13 

occurrence  of 13 

water  value  of 5 

Loess,  character  of 5, 13 

occurrence  of 13, 27, 31 

u  jjtef  value  cif  5 

Logan,  W.  N.,  well  records  by 60, 

61, 62. 63. 64, 65. 66. 67, 6S,  m,  70, 71, 72, 73, 74 

Logtown,  well  at    24,44-45 

LongbCBieh,  WvU  at   26, 46-47 

Long-  leaf 'pine  h  111  b  ,  topography  of. 3-4 

Longtovn,  well  »t     .'>6-57,58-.'>0. 73 

Li^nisirlilo,  clpv^atlon  at 3 

^vr'Etiit.  58-50 

Lowndes  County,  rocks  in 7,8,20,34 

wells  in 34.54-55,07 

Lumberton,  well  at 50-51,66 

Lyman,  well  at 46-47 

Lyon,  well  at •2ft,4a.-4aL»Tl 
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M. 

Maben,  rockBoear 8-0 

Macon,  elevation  of. 2 

rocks  near 8 

weUfl  at  and  near 36,54-57,70,77 

McLauren,  wells  at 66-57 

Madison  County,  wells  in. 34,54-55,68 

Mammoth  Springs,  springs  at 79 

Map,  artesian,  of  Mississippi 20 

Map,  geologic  and  contour,  of  Mississippi . .         4 

Marion  County,  wells  In 34,54-55 

MarksviUe,  wellat 77 

Marshall  County,  rocks  in 12,35 

weUsin 35,54-55,68 

Meehan  Junction,  well  at 33, 50-51 

Memphis,  Tenn.,  well  at 9 

Meridian,  rocksat 9 

spring  at 79 

wellat 33,50-53,66 

Middleton,  Tenn.,  rocks  at  and  near 8 

Midway  group,  description  of 8-9 

divisions  of 5 

water  value  of 5,8-9 

occurrence  of 38 

Minter  City,  weUs  at 34,52-53,67 

Miocene  rocks,  character  of 5 

water  value  of 5 

Mississippi  City,  well  at 26,40-47 

Mississippi  River,  rocks  on 12 

Mississippi  River-Alabama  section,  figure 

showing •. 19 

Mississippian  rocks,  character  of 6 

occurrence  of 6 

water  value  of 6 

Mobile  and  Ohio  River  Company,  well  rec- 
ord by 67 

Monroe  County,  rocks  in 7,8,20,35 

weUsin 35,54-55,68-60 

Monterey,  rocksat 11 

Montgomery  County,  rocks  in 35 

weUsln 35,54-55,69 

Moorcsville,  well  at 67 

Moorhead,  wellat 38,58-50,77 

Moss  I'oint,  wells  at  and  near. . .  26. 33, 48-49, 64, 77 
Muldon,  weUat 54-55 

N. 

Natchez,  wells  at 27, 40-41 

Neshoba  County,  rocks  in 23, 35 

wells  in 35.54-55 

Nettleton,  wellat 52-53 

New  Albany,  elevation  at 22 

wvUs  at 22. 38, 58-50, 73 

New  Scotland  bods,  correlation  of 6 

Newton  County,  rocks  in 36 

weUsln 23,24,36,54-55 

Nicholson,  well  at 44-45 

North-central  plateau,  topography  of 2-3 

Northeast  Prairie,  topography  of 2 

wells  on 75 

Noxubee  County,  rocks  In 8 

weUsin 36,54-57.00-70 

Nugent,  wellat 46-47 

O. 

Oaknoxubee  River,  wells  on 36 

Oooan  SpriDga,  well  at 26,50-51,64,77 


Fft 

Okatibbee  Creek,  weU  on 

Okolono,  well  at. 28,40-4: 

Oktibbeha  County,  rocks  in 8,t 

wells  in 36,56-5! 

OUgooene  rocks,  ctiaracter  of 

water  value  of 

OUve  Branch,  elevation  of. 

Orange  sand,  name  of 

See  also  Lafayette  formation. 

O'Reilly,  weU  at 4( 

Osbom,  well  at 5( 

Oxford,  rocks  near 

wells  at 23,50^1 

P. 
Panola  County,  rocks  in 13 

wells  in 36,56-n57 

Pascagouia  formation,  character  of 5 

occurrence  of 11,24,31 

water  value  of 5, 1 1 

Pascagouia  River,  elevation  of 

rocks  on ii 

Pass  Christian,  wells  at 26,31, 4<M9 

Pass  Christian-BHoxi,  wells  along,  section 

of 26 

PauMing,  wel la  at 

Pearl  River,  course  of 3,33 

wells  on 33,34 

Pearl  River  County,  wells  in 

Percolation,  amount  of 

depth  of 

rate  of 

Perkins,  W.  R.,  well  records  by 

61,62,63,64,65,66,67,68,60,70,71,72,73 

Perry  County,  wells  in 36,56-57,70 

Philadelphia,  rocks  near 9 

Picayune,  well  at 44 

Pickens,  wellat r31,48 

Pike  County,  rocks  in 

springs  in 

Pine  Ridge,  well  at 40 

Phtntersviile,  wells  at 33,5» 

Plattsburg,  rocks  at 

Pollution  of  wells.    See  Wells,  pollution  of. 
Pontotoc,  elevation  at 

wells  at 22, 

Pontotoc  County,  rocks  in 8,21, 

wells  in 37,56-57, 

Pontotoc  divide,  elevation  of 

Porosity,  amount  of 

Port  riudson,  rocks  at 

Port  Hudson  formation,  character  of 5, 

occurrence  of 13, 32, 36, 

water  value  of 5, 

Porters  Creek  clay,  character  of i 

occu  rrence  of 8-0, 22, 28, 

water  value  of I 

Prentiss  County,  rocks  in 6,7,8, 

wells  in 

Pumps,  views  of 

Q. 
Quaternary  rocks,  character  of 5, 

occurrence  of i 

water  value  of 5, 

Quitman,  springs  at 

veW%«Lt 2^40-13, 
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Quitman  County,  rocka  in 37 

■ecton  In 37 

wells  In 37,66-57,71 

R. 

Rainfall,  amount  of 1 ,  14-15 

disposal  of 15 

map  showing 14 

Raleigh,  rocks  at 11 

Rankin  County,  rocks  in 12,25,37 

springs  In 37 

wells  in 37 

Ravine,  wells  at 54-55,70 

Raymond,  rocks  at  and  near 11,12,25 

spring  at 79 

Red  Bluff,  well  at 58-59 

Riley,  W.  F.,  well  record  by 69 

Ripley,  elevation  of 2,22 

rocks  near 8 

Ripley  formation,  character  of 5,8 

dipof 22 

occurrence  of 8,21,27,37,38 

water  value  of 5,21-22 

Rivers.    See  Streams. 

Riverside,  section  at 37 

wells  at 37,56-57,71,77 

Robinson  Springs,  springs  at 79 

Rose  farm,  well  at 24 

Rotten  limestone.    See  Selma  chalk. 

Rulevilie,  wells  at 58-59, 78 

Run-off,  amount  of 15 

Rusk,  wells  at 52-53 


8. 


Safford,  J.  M.,  on  La  Grange  group. 
St.  Stevens  formation,  divisions  of.. 

Sand,  filtration  by 

porosity  of 

Sandstone,  porosity  of 


10 
75 
16 
16 

Sanitation,  wells  and,  relations  of 74-75 

Sardis,  well  at 78 

Sartartia,  well  at 58-59 

Saucier,  well  at 48-49 

Schuchert  and  Kindle,  correlation  by 6 

Scooba,  rocks  at  and  near 8,9,78 

Scott  County,  description  of 37 

rocks  of 37 

wells  of 37,56-57,71 

Scranton,  well  at 26,50-51,64,78 

Scran  ton-Tennessee    River   atJtion,    figure 

showing 20 

Selma  chalk,  character  of 5,7 

occurrence  of 7-8,20-21,29,32,33,34,35,36 

outcrop  of,  view  of 6 

water  value  of 5 

Selma  prairie,  wells  on 21,36 

Scnatobia,  well  ut 73, 78 

Shannon,  well  at 52-53 

Sharkey  County,  wells  of 37, 72 

Sharkey  Landing,  well  at 58-59 

Sherman,  well  at 56-57 

Ship  Island,  well  at 48-49,63 

Shooner  River,  wells  on 22,28,37,39 

Shubuta.  wells  at 29,42-43,01,78 

Shuqiialak,  rocks  near 8, 9 

well  at 66^7,70 
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Siding,  wells  at 33,52-53 

Silver  Creek,  wells  on. 52-53,63 

Simpson  County,  rocktf  In..^ 12,25,37 

wells  of 37 

Slichter,  C.  S.,  figure  by 17 

Smith,  £.  A.,  on  Pascagoula  formation U 

on  Wilcox  formation 9 

well  records  by 60,63,66,72,74 

Smith  County,  rocks  of 38 

wells  of 38,56^7,72 

Smiths,  well  at 63 

Springs  (P.  O.),  springs  at 79 

Springs,  water  of,  analyses  of 79 

Staghom,  well  at 58^9,72 

Star,  rocks  at 12,25 

Starkvilje,  rocks  near 8 

wells  at 21,36,56-57,70,76,78 

Sterling,  rocks  at 10 

Stonewall,  wells  at 42-43 

Stratigraphy,  description  of 4-5 

Streams,  deposition  by 3 

elevations  along 3 

Sumner,  well  at 56-57,58-59 

Sunflower,  well  at 58-59,78 

Sunflower  County,  rocks  in 38 

wells  in 24,38,58^9,72 

Sunflower  River,  character  of 3 

!  Sutter,  L.,  on  water  horizons 25 

Swanlake,  well  at 58^9 


Tallahatchie  County,  description  of 38 

rocks  oL 38 

wells  of 38,58-59,72 

Tallahatchie  River,  character  of 3 

deposition  on 13 

flowing  wells  along 22,37 

location  of 33 

rocks  on 8 

Tallahatta  buhrstonc,  character  of. 5,9-10 

occurrence  of 10, 28-29, 31, 33, 34, 35, 36 

outcrop  of,  view  of 6 

water  value  of 5,10 

Tate  County,  rocks  in 12,38 

wells  In 38,58-59,72-73 

TaylorsviUe,  well  at 25,38,56^57,72,78 

Tchula,  wells  at 31,38-39,48-49,78 

Tennessee  River  hills,  topography 2 

Tennessee  River,  Scranton   section,    figure 

showing 20 

Tertiary  rocks,  character  of 5,8-13 

occurrence  of 4, 8-13, 37 

water  value  of 5,8-13 

Thomas,  A.  J.,  well  record  by 70 

Timber,  supply  of 2 

Tippah  County,  rocks  In 8,21,38 

wells  In 22,38,58-59 

Tippah  Creek,  wells  on 22,27,38 

Tishomingo  County,  rocks  In 6, 7, 12, 20, 38 

wells  in 38 

Tombigbee  River,  basin  of,  rainfall  and  run- 
off in  15 

valley  of,  elevation  of 2 

topography  of 2 

wells  on 32,35,36 
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Topography,  ground  water  and,  relations  of  16-17 
ground  water  and,  relations  of,  figure 

showing 17 

outline  of 2-4 

Troy,  rocks  at 8 

Tunica,  well  at 58-59,73,78 

Tunica  County,  wells  In 38, 58-59, 73 

Tupelo,  wells  at 33,52-53.67,78 

Turner,  E.  F.,  well  record  by 73 

Tuscaloosa  formation,  character  of 5, 6-7, 20 

dip  of 21 

occurrence  of 6-7, 20-21, 32, 35 

water  value  of 5,7,21 

Tuscaloosa-Eutaw  horizon,  water  value  of.  20-21 
Tutwiler,  well  at 78 

U. 

Unconformity,  occurrence  of 6 

Union  County,  rocks  In 8,21,38 

wells  In 38,58-59,73 

United  States,  eastern,  rainfall  map  of 14 

V. 

Valden,  wells  at 40-41 

Verona,  wells  at 33,52-53 

Vicksburg,  elevation  of 3 

well  at 38 

Vicksburg  limestone,  character  of 5, 11 

occu  rrcnce  of 1 1 ,  28, 31 ,  39 

water  value  of 5,11 

Vosburg,  elevation  at 3 

rocks  at 11 

springs  at 79 

W. 

Walthall,  well  at 68-59 

Warren  County,  well  in 38 

Washington  County,  section  in 39 

wells  In 38-39,58-59,73 

Water,  underground,  absorption  of 16 

analyses  of 76-79 

discussion  of 14-79 

divisions  of 16 

friction  of 21 

horizons  of 19-27 

nonwater-lxiaring  horizons  and  rela- 
tions of,  figures  showing 19, 20 

percolation  of 15-16 

quality  of 75-78 

recovery  of 17-19,21 

fianitary  relations  of 1,74-75 

source  of 14-15 

Hiipply  of 1,15,20 

at  various  horizons 5 

zones  of 16 

Water  condll ions,  summary  of 1,75 

Water  Valley,  wells  at 23, 39, 58-5«»,  74,78 

Wavelund,  well  at 20.  44-45 

Wayne  County,  HK'ks  in 39 

wells  in :W,  iV>-5'J. 74 

Wayneshon*,  rocks  at 11 


Pase. 

Waynesboro,  wells  at aO,fiftnS0.74,78 

Ways  Bluff,  well  at 78 

Webb,  well  at 58-59 

Webster  County,  rocks  In 22 

wells  In 99,58-50 

Weems,  springs  at 79 

Wells,  dangerous  location  of.  view  showing.        74 

drilling  of 75 

drilling  of,  low  cost  of 1 

driving  of,  outfit  for,  view  of 74 

pollution  of 74-75 

view  illustrating 74 

pumps  for,  view  of 16 

records  of 40-74 

sanitary  aspects  of 74-75 

table  of 40-59 

types  of 17 

water  of,  analyi^es  of 76-78 

Wells,  artesian,  advantages  of 75 

deflnitlonof 17 

occurrence  of  21 

pumps  for,  views  of 16 

records  of 40-74 

requisites  for 17-1»,  21 

figures  showing 18 

supply  for 1 

relation  of  rainfall  and 15 

table  of 40-fiO 

water  from,  analyses  of 70-78 

Wesson,  well  at 42-43 

West,  well  at 31,48-49,78 

West  Point,  wells  at 29,42-43,61,78' 

West  Point-Oreenvllle  section,  figure  show- 
ing         19 

Wilcox,  Ala.,  rocks  at 9 

Wilcox  formation,  character  of 5,9 

dip  of 23 

occurrence  of  ... .  9, 22, 27, 28, 32, 23, 35, 36, 37, 38 

water  value  of 5,9,22-23 

Wilkinson  County,  wells  in 39 

Wilson  Springs,  well  at 24 

Winona,  rocks  near 9,10 

section  at 35 

wells  at 35,54-55,69 

Winston  County,  rocks  in 10,22,39 

wells  in 39,58-53 

Wortham,  well  at 48-49,78 

Y. 

Yalobusha  County,  rocks  in 12, 22, 39 

wells  m 39,58-59,74 

Yalobusha  River,  location  of 28, 30 

Yazoo,  wells  at 24,39,58-59.78 

Yazoo  County,  wells  in 39,58-59,74 

Yazoo  Delta,  topography  of 3 

wells  on 23, 29, 75 

Yazoo  River,  basin  of,  rainfall  and  run-off 

in 15 

character  of 8 

Yellow  Creek,  rocks  on 6 

Yocona  River,  location  of 33 
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B  217.  Notes  on  the  geology  of  southwestern  Idaho  and  southeastern  Oregon,  by  I.  C.  Russell.    190S. 

83  pp.,  18  pis.    (Out  of  stock.) 
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PP  25.  The  copper  deposits  of  the  Encampment  district,  Wyoming,  by  A.  C.  Spencer.    19(V4.    107  pp., 
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Mountains,  by  H.  F.  Bain.    1904.    97  pp.,  8  pis. 
B  236.  A  geological  rcconnaissttnce  across  the  Cascade  Range  near  the  forty-ninth  parallel,  by  G.  O. 

Smith  and  F.  C.  Calkins.    1901.    103  pp.,  4  pis. 
B  236.  The  Porcupine  placer  district.  Ala.ska,  by  C.  W.  Wright.    1904.    36  pp.,  10  pis. 
B  237.  Igneou.s  rocks  of  the  Ilighwood  Mountains,  Montana,  by  L.  V.  Pirsson.    1904.    208  ppr,  7  pis. 
B238.  Economic  geology  of  the  lola  quadrangle,  Kansas,  by  G,  I,  Adams.  Era.smus  Haworth,  and 

W.  R.  Crane.     1904.    83  pp.,  1  pi. 
PP  32.  Geology  and  iinderground  water  resources  of  the  central  (ireat  Plains,  by  N.  H.  Darton.    1906. 

433  pp.,  72  pJs. 


SERIES   LIST.  in 

WSllO.  Contributions  to  hydrology  of  eastern  United  States,  1904;  M.  G.  Fuller,  geologist  in  charge. 

1905.    -illpp..  5pl«. 
fi  242.  Geology  of  the  Hudson  Valley  between  the  Hooslc  and  the  KInderhook,  by  T.  Nelson  Dale. 

1904.  63  pp.,  3  pis. 

PP  34.  The  Delavan  lobe  of  the  Lake  Michigan  glacier  of  the  Wisconsin  stoge  of  glaciation  and 

associated  phenomena,  by  W.  C.  Alden.    1904.    106  pp.,  15  pis. 
PP  35.  Geology  of  the  Perry  Basin  in  southeastern  Maine,  by  G.  O.  Smith  and  David  White.    1905. 

107  pp.,  6  pU. 
B  243.  Cement  materials  and  industry  of  the  United  States,  by  E.  C.  Eckel.    1905.    395  pp.,  15  pis. 
B  24r».  Zinc  and  lead  deposits  of  northwestern  Illinois,  by  H.  F.  Bain.    1904.    56  pp..  5  pis. 
B  247.  The  Fairhaven  gold  placers  of  Seward  Peninsula,  Alaska,  by  F.  H.  Mofflt.    1905.    H5  pp.,  14  pis. 
B  249.  Limestones*  of  southwestern  Pennsylvania,  by  F.  G.  Clapp.    1906.    52  pp.,  7  pis. 
B  i.'iO.  The  petroleum  fields  of  the  Pacific  coast  of  Alaska,  with  an  account  of  the  Bering  River  coal 

depin'it.  by  G.  C.  Mariin.    1905.    64  pp.,  7  pis. 
B241.  The  gold  placers  of  the  Fortymile,  Birch  Creek,  and   Fairbanks  regions,  Alaska,  by  L.  M. 

Prindle.    1905.    89  pp.,  16  pis. 
WS  118.  Geology  and  water  resources  of  a  portion  of  east-central  Washington,  by  F.  C.  Calkins.    1905. 

96  pp.,  4  pis. 
B  2.')2.  Preliminary  report  on  the  geology  and  water  resources  of  central  Oregon,  by  I.  C.  Russian. 

1905.  138  pp..  24  pis. 

PP  36.  The  lead,  zinc,  and  fluorspar  deposits  of  western  Kentucky,  by  E.  O.  Ulrich  and  W.  8.  Tangier 

Smith.    190.'>.    218  pp.,  15  pis. 
PP  38.  Economic  geology  of  the  Bingham  mining  district,  of  Utah,  by  J.  M.  Bout  well,  with  a  chapter 

on  area!  geology,  by  Arthur  Keith,  and  an  iQtroducti<m  on  general  geology,  by  S.  F.  Emmons. 

1905.     413  pp..  49  pL-d. 
PP  41.  The  geology  of  the  central  Copper  River  region,  Alaska,  by  W.  C.  Mendenhall.    1905.    133  pp., 

20  pl.s. 
B  254.  Report  of  progress  in  the  geological  rcsurvey  of  the  Cripple  Creek  district,  Colorado,  by 

Wakiemur  Lindgren  and  F.  L.  Ransome.    1904.    36  pp. 
B  255.  The  fluorspar  deiKwlLs  of  southern  Illinois,  by  H.  Foster  Bain.    1905.    75  pp.,  6  pis. 
B  256.  Mineral  resources  of  the  Elders  Ridge  quadrangle,  Pennsylvania,  by  R.  W.  Stone.    1905. 

86  pp.,  12  pis. 
B  2.57.  Geology  and  paleontology  of  the  Judith  River  beds,  by  T.  W.  Stanton  and  J.  B.  Hatcher,  with 

a  chapter  on  fossil  plants,  by  F.  H.  Knowlton.    1906.    174  pp.,  19  pis. 
PP  42.  Geology  of  the  Tonopah  mining  district,  Nevada,  by  J.  E.  Spurr.    1905.    295  pp.,  23  pis. 
WS  IZi.  (JiMjlugy  and  underground  water  conditions  of  the  Jornada  del  Muerto,  New  Mexico,  by  C.  R. 

Keyes.    1905.    42  pp.,  9  pis. 
WS  136.  I'nderground  waters  of  Salt  River  Valley,  Arizona,  by  W.  T.  Lee.    1906.    194  pp.,  24  pis. 
PP  43.  The  copper  deposits  of  the  CHfton-Morenci  district,  Arizona,  by  Waldemar  Lindgren.    1905. 

375  pp.,  25  pis. 
B  265.  Geology  of  the  Boulder  district,  Colorado,  by  N.  M.  Fenneman.    1905.    101  pp.,  5  pis. 
B  -267.  The  copper  depiwits  of  Missouri,  by  H.  F.  Bain  and  E.  0.  Ulrich.    1906.    52  pp..  1  pi. 
PI*  44.  Underground  water  resources  of  Long  Island,  New  York,  by  A.  C.  Veatch,  and  others.    1905. 

394  pp.,  34  pis. 
W.S  1 18.  (ieology  and  water  resources  of  Oklahoma,  by  C.  N.  Gould.    1905.    178  pp.,  22  pis. 
B  270.  Tlie  configuration  of  the  rock  floor  of  Greater  New  York,  by  W.  H.  Hobbs.    1905.    96  pp.,  6  pis. 
B  272.  Taconic  physiography,  by  T.  N.  Dale.    1905.    52  pp.,  14  pis.    (Out  of  stock.) 
PP  45.  The  geography  and  geology  of  Alaska,  a  summary  of  existing  knowledge,  by  A.  H.  Brooks, 

with  a  section  on  climate,  by  Cleveland  Abbe,  jr.,  and  a  topographic  map  and  description 

thereof,  by  R.  U.  Goode.    1906.    327  pp.,  34  pK 
B  273.  The  drnmlins  of  southeastern  Wisconsin  (preliminary  paper),  by  W.  C.  Alden.    1905.    46  pp. 

9  pis. 
PP  46.  (ieology  and  underground  water  resources  of  northern  Louisiana  and  southern  Arkansas,  by 

A.  ('.  Veatch.    1906.    —  pp.,  51  pis. 
PP  49.  (ieology  and  mineral  resources  of  part  of  the  Cumberland  Gap  coal  field,  Kentucky,  by  G.  H. 

Aslilcy  and  L.  C.  Glenn,  in  cooperation  with  the  State  Geological  Department  of  Kentucky, 

C.  J.  Norwwxl,  curator.    1906.    239  pp.,  40  pis. 
PP  50.  The  Montana  lobe  of  the  Keewatin  ice  sheet,  by  F.  H.  H.  Calhoun.    1906.    62  pp.,  7  pis, 
B  277.  Mineral  resources  of  Kcnai  Peninsula,  Ala.ska:  Gold  fields  of  the  Tumagain  Arm  region,  by 

F.  H.  MofTit,  and  the  coal  fields  of  Kachemak  Bay  region,  by  R.  W.  Stone.    1906.    80  pp.,  18  pis. 
WS  154.  The  geology  and  water  resources  of  the  eastern  portion  of  the  Panhandle  of  Texas,  by  C.  N. 

Gould.    1906.    64  pp.,  15  pis. 
B  27X.  (irology  and  coal  resources  of  the  Cape  Lisburne  region,  Alaska,  by  A.  J.  Collier.    1906.    54  pp., 

9  pis. 
B  279.  Mineral  resources  of  the  Kittanning  and  Rural  Valley  quadrangles,  Pennsylvania,  by  Charles 

Butts    1906.    —  pp.,  11  pis. 
B  280.  The  Rampart  gold  placer  region,  Alaska,  by  L.  M.  Prindle  Wd  F.  L.  Hess.    1906.    54  pp.,  7  pis. 


IV  SERIES    LIST. 

B  282.  Oil  fleldsof  the  Texas-Louisiana  Qulf  coastal  plain,  by  N.  M.  Fenneman.    1906.    146  pp.,  11  pis. 

W8  167.  Undexgound  water  in  the  valleys  of  Utah  Lake  and  Jordan  River,  Utah,  by  G.  B.  Richard* 
son.    1906.    81  pp.,  9  pis. 

PP  51.  Geology  of  the  Bighorn  Mountains,  by  N.  H.  Darton.    1906.    129  pp.,  47  pis. 

WS  lf>8.  Preliminary  report  on  the  geology  and  underground  waters  of  the  Roewell  artesian  area, 
New  Mexico,  by  C.  A.  Fisher.    1906.    29  pp.,  9  pis. 

PP  52.  Geology  and  underground  waters  of  the  Arkansas  Valley  in  eastern  Ck>lorado,  by  N.  H.  Dar- 
ton.   1906.    90  pp.,  28  pis. 

WS  159.  Summary  of  underground-water  resources  of  Mississippi,  by  A.  F.  Crider  and  L.  C.  Johnson. 
1906.    86  pp.,  6  pis. 

SERIES  O— UNDERGROUND  WATERS. 

WS  1.  A  reconnaissance  in  southeastern  Washington,  by  I.  C.  Russell.    1897.    96  pp.,  7  pis.    (Out  of 

stock.) 
WS  6.  t^iiderground  waters  of  southwestern  Kansas,  by  Erasmus  Haworth.    1897.    65  pp.,  12  pit. 

(Out  of  stock.) 
WS  7.  Seepage  water«  of  northern  Utah,  by  Samuel  Forticr.    1897.    50  pp.,  3  pis.    (Out  of  stock.) 
WS  12,  Tnderground  waters  of  southeastern  Nebraska,  by  N.  H.  Darton.    1898.    56  pp..  21  pis.    (Ont 

of  stock.) 
WS  21.  Wells  of  northern  Indiana,  by  Frank  Leverett.    1899.    82  pp.,  2  pis.    (Out  of  stock.) 
WS  26.  Wells  of  southern  Indiana  (continuation  of  No.  21),  by  Frank  Leverett.    1899.    64  pp.    (Out 

of  stock.) 
WS^.  Water  resources  of  the  Lower  Peninsula  of  Michigan,  by  A.  C.  Lane.    1899.    97  pp.,  7  pla. 

(Out  of  stock.) 
WS  31.  Lower  Michigan  mineral  waters,  by  A.  C.  Lane.    1899.    97  pp.,  4  pis.    (Out  of  stock.) 
WS  34.  Geology  and  water  resources  of  a  portion  of  southeastern  South  Dakota,  6y  J.  E.  Todd.    1900. 

8^1  pp.,  19  pis. 
WS  6;^.  Geology  and  water  resources  of  Nez  Perces  County,  Idaho,  Pt.  I,  by  I.  C.  Russell.    1901.    86 

pp.,  10  pis.    (Out  of  stock. ) 
WS  54.  Geology  and  water  resources  of  Nez  Perces  County,  Idaho,  Pt.  II,  by  I.  C.  Russell.    190L 

87-141  pp.     (Out  of  stock.) 
WS  55,  Geology  and  water  resources  of  a  portion  of  Yakima  County,  Wash.,  by  G.  O.  Smith.    1901. 

68  pp.,  7  pis.    (Out  of  stock.) 
WS  57.  Preliminary  list  of  deep  borings  in  the  United  States.  Pt.  I,  by  N.  H.  Darton.    1902.    60  pp. 

(Out  of  stock.) 
WS  59.  Devolopment  and  application   of  water  in  southern  California,  Pt.  I,  by  J.  B.  Lippincott 

1902.    95  pp.,  11  pis.     (Out  of  stock.) 
WS  60.  Development  and  apiilication  of  water  in  southern  California,  Pt.  II,  by  J.  B,  Lippincott 

1902.    96-140  pp.     (Out  of  stock.) 
WS  61.  Preliminary  li^t  of  deep  borings  in  the  United  States,  Pt.  II,  by  N.  H.  Darton.    1902.    67  pp. 

(Out  of  stock.) 
WS  67.  The  motions  of  underground  waters,  by  C.  S.  Slichter.    1902.    106  pp.,  8  pis.    (Out  of  stock.) 
B  199.  (Jeolojry  and  water  re.'*ources  of  the  Snake  River  Plains  of  Idaho,  by  I.  C.  Russell.    1902.    192 

pp.,  25  pis. 
WS  77.  Water  resources  of  Molokni.  Hawaiian  Lslands,  by  Waldemar  Lindgren.    1903.    62  pp..  4  pis. 
WS  7H.  Preliminary  report  on  artesian  basins  in  southwestern  Idaho  and  southea.stern  Oregon,  by  I.C. 

Russell.    1903.    53  pp..  2  pis. 
PI'  17.  Pnliminury  report  on  the  geology  and  water  resources  of  Nebraska  west  of  the  one  hundred 

and  tl.inl  meridian,  by  N.  II.  Darton.    1903.    69  pp.,  43  pl.s. 
WS  90.  Geolopy  an<l  water  resources  of  a  part  of  the  lower  James  River  Valley,  South  Dakota,  by  J.E. 

Todd  and  f.  M.  Hall.     1901.    47  pp.,  23  pis. 
WS  101.  CndtTirround  waters  f>f  southern  Louisiana,  by  G.  D.  Harris,  with  discussions  of  their  usw  (or 

water  supplies  and  for  ri(;e  irrigation,  by  M.  L.  Fuller.    1904.    98  pp.,  11  pis. 
WS  102.  Contributions  to  tlie  hydrology  of  eastern  United  States.  1903,  by  M.  L.  Fuller.    1904.    522  pp. 
WS  lOJ.  rntlorgroun«l  waters  of  (iihi  Valley,  Arizona,  by  W.  T.  Lee.    1904.    71  pp..  5  pis. 
WS  106.  Water  resnurccs  of  the  Phihulolphia  district,  by  Flon'uce  Bascom.    1904.    75  pp.,  4  pis. 
WS  110.  Contributions  to  the  hydrology  of  ejistern  United  States.  1904:  M.  L.  Fuller,  geologist  in 

charge.    1904.    'Jll  pp..  5  pis, 
PP  32.  Geology  and  und(rgr«)un»l-\vat«'r  resources  of  the  central  Great  Plains,  by  N.  H.  Darton.    1904. 

433  pp.,  72  pis.      (Out  of  stock.) 
WS  111.  Prelimiuary  report  on  underground  waters  of  Washington,  by  Henry  Landes.    1904.    85 pp.. 

ipl. 
WSll'J.  Underflow  te^ts  in  the  druinago  basin  of   Los  Angeles  River,  by  Homer  Hamlin.    190t 

55  pp.,  7  pis. 
WS114.  UiKlerground   waters  of  ea»<tern  rnitcd   States;    M.  L.  Fuller,  geologist  in  charge.    1904, 

285  pp.,  IS  pis. 
IVSllS.  Gi'ology  and  water  resources  of  e»ust-<?eniral  Wa.shingtou,  by  F.  C.  Calkins,    1905.    96  pp., 
4  pis. 


SERIES    LIST.  V 

B  '252.  Preliminary  report  on  the  geolof^  and  water  resources  of  central  Oregon,  by  I.  C.  Ruwell. 
19a=>.    138  pp., -24  pl8. 

W.S  120.  Bibliographic  review  and  index  of  papers  relating  to  underground  wutiTH  published  by  the 
United  Slates  Geological  Survey,  1879-1904,  by  M.  L.  Fuller.    1905.    128  pp.  ^ 

\VS  122.  Relation  of  the  law  to  underground  waters,  by  D.  W.  Johnson.    1906.    65  pp. 

WS  123.  (Jeology  and  underground  water  conditions  of  the  Jornada  del  Muerto,  New  Mexico,  by  C.  R. 
Keyea.     19a5.    42  pp.,  9  pis. 

\VS  136.  Underground  waters  of  the  Salt  River  Valley,  by  W.  T.  Lee.    1906.    194  pp.,  24  pis. 

B  '264.  Record  of  deep-well  drilling  for  1904,  by  M.  L,  Fuller,  E.  F.  Lines,  and  A.  C.  Veatch.  1906. 
106  pp. 

PP  44.  Underground  water  resources  of  Long  Island,  New  York,  by  A.  C.  Veatch  and  others.  1906. 
394  pp.,  31  pis. 

WS  137.  Development  of  underground  waters  in  the  eastern  coastal  plain  region  of  southern  Cali- 
fornia, by  W.  C.  Mendenhall.    1906.    140  pp.,  7  pis. 

W.S  l:Vs.  Development  of  underground  waters  in  the  central  coa.*ital  plain  region  of  southern  Call- 
fomia.  by  VV.  C.  Mendenhall.    1906.    162  pp.,  5  pla. 

WS  139.  Development  of  underground  waters  in  the  western  coastal  plain  region  of  southern  Cali- 
fornia, by  W.  C.  Mendenhall.    1905.    105  pp.,  7  pis. 

WS  140.  Field  measurements  of  the  rate  of  movement  of  underground  waters,  by  C.  S.  Slichter.  1905. 
1*22  pp..  15  pis. 

WS  141.  Observation.**  on  the  ground  waters  of  Rio  Grande  Valley,  by  C  S.  Slichter.  1905.  83  pp., 
5  pis. 

WS  142.  Hydrology  of  San  Bernardino  Valley,  California,  by  W.  C.  Mendenhall.    19a5.    124  pp.,  13  pis. 

WS  145.  Contributions  to  the  hydrology  of  eastern  United  States;  M.  I^.  Fuller,  geologist  in  charge. 

1905.  '220  pp.,  6  pis. 

WS  14S.  Geology  and  water  resources  of  Oklahoma,  by  C.  N.  Gould.    1905.     178  pp.,  22  pis. 

WS  149.  Preliminary  li.st  of  deep  borings  in  the  United  States,  second  edition,  with  additions,  by 

N.  H.  Darton.     19a=>.    175  pp. 
PP    46.  Geology  and  underground  water  resources  of  northern  Ixjuisiana  and  southern  Arkansas,  by 

A.  C.  Veatch.    1906.    —  pp.,  61  pis. 
WS  153.  The  und^rlow  in  Arkansas  Valley  in  western  Kansas,  by  C.  S.  Slichter.    1906.    90  pp.,  S  pis. 
WS  \rA.  The  geology  and  water  resources  of  the  eastern  portion  of  the  Panhandle  of  Texas,  by  C.  N. 

Gould.    1906.    61  pp.,  15  pis.  ■ 

WS  J.v>.  Fluctuations  of  the  water  level  in  wells,  witlr||itcial  reference  to  I»ng  Island,  New  York, 

by  A.  C.  Veatch.    1906.    «3  pp.  •' 

WS  157.  Underground  water  in  the  valleys  of  Utah  Late  and  J(»rdan  River,  Utah,  by  G.  B.  Richard- 
son.   1906.    81  pp.  *- 
WS  158.  Preliminary  report  on  the  geology  and  underground  waters  of  the  Roswell  artesian  area, 

New  Mexico,  by  C.  A.  Fisher.    1906.    29  pp.,  9  pis. 
PP     52.  (ieology  and  underground  waters  of  the  Arkansas  Valley  in  eastern  Colorado,  by  N.  H.  Dar^ 

ton.     1906.    90  pp.,  28  pis. 
WS  159.  Summary  of  underground  water  resources  of  Mississippi,  by  A.  F.  Criderand  L.  C.  Johnson. 

1906.  86  pp.,  6  pis. 

The  following  papers  also  relate  to  this  subject:  Underground  waters  of  Arkansas  Valley  in  eastern 
Colorudo,  by  G.  K.  Gilbert,  in  Seventeenth  Annual,  Ft.  II;  Preliminary  report  on  artesian  waters  of  a 
portion  of  the  A^Mas,  by  N.  H.  Darton,  in  SeventM|^|kBliAl,  Pt.  II:  Water  resources  of  Illinois, 
by  Frank  ^^^^^Hp  Seventeenth  Annual,  Pt.  II;  ^^^^BDurcesof  Indiana  and  Ohio,  by  Frank 
Leverett.  ^^m/^^f^^  Annual,  Pt.  I\^  New  devel^^^^Hn  well  boring  and  Irrigation  in  eastern 
Simth  I^>^^^4|^H^-  H-  I>arton,  in  Eighteenth  A^^^BL  IV:  Rock  waters  of  Ohio,  by  Edward 
Ortoii,  in  NinSMlth  Annual,  Pt.  IV;  Artesian  well  pHIBRh  in  the  Atlantic  coastal  plain  region,  by 
N    H.  Darton,  Bulletin  No.  138. 


Correspondence  should  be  addressed  to 

The  Director, 

United  States  Geological  Survey, 

Washington,  D.  C. 

July,  1906. 

IKK  159—06 7 


DATE  DUE 


STANFORD  UNIVERSITY  LIBRARIES 

STANFORD,  CALIFORNIA 

9450S 


yy 


3  bios  007  bis  25A 


i 


